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I, Antonino Cattaneo, hereby state and declare: 



1 . I am a co-inventor of the invention described and claimed in the above- 
referenced patent application (the "subject application"). 

2. I am the co-founder of Lay Line Genomics (LLG), located in Rome, Italy, 
the exclusive licensee of the assignee of the subject application. I presently 
serve as the company's President and Chief Scientific Officer. Among other 
appointments, I am a Full Professor of Biophysics at the International School for 
Advanced Studies (SISSA) in Trieste, Italy, and the co-director of the European 
Brain Research Institute (EBRI) in Rome. I am also a member of the European 
Molecular Biology Organization (EMBO). 

3. I co-authored the 1996 Cattaneo and Ruberti abstract published in the 
Society for Neuroscience Abstracts 22(1-3): 753 (Cattaneo et al. 1996). I was 
personally involved in the research that was reported in this abstract. The 
transgenic mice disclosed in this abstract are not, in fact, the same as the 
transgenic mice described and claimed in the subject invention. As explained 
below, the Family A mice described in Cattaneo et al. 1996 differ both genetically 
and phenotypically from the transgenic mice described in the subject application. 
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4. The transgenic mice described in Cattaneo et al. 1996 were obtained by 
crossing two single transgenic lines, one expressing the variable light chain (Line 
A), and the other expressing the variable heavy chain (Line C), of the anti-NGF 
antibody aD1 1 . Although not reported in Cattaneo at a!. 1996, both Lines A and 
C expressed low levels of their respective transgenes. The offspring double 
transgenic mice, designated "Family A" mice, do not express detectable 
functional anti-NGF antibody in serum during the first month of age. After 1 
month, the levels of antibody become detectable, but remain low, at 
approximately 10 ng/ml, until approximately 12 months of age, when serum 
antibody levels reach 50-100 ng/ml. As reported in Cattaneo et al. 1996, the only 
phenotypic difference observed between Family A mice and wild-type mice (other 
than the expression of the transgene antibody) is a 30% reduction of neurons in 
superior cervical ganglia. Otherwise, classical NGF target cells were apparently 
not affected. Phenotypic analysis shows that Family A mice do not display any of 
the following phenotypic characteristics present in the transgenic mice of the 
invention: (a) cholinergic deficit, (b) p-amyloid deposition, or (c) the accumulation 
of phosphorylated tau protein. The corresponding data is presented in Exhibit A 
hereto. 

5. The transgenic mice described and claimed in the subject application were 
generated as follows. Two single transgenic mouse lines homozygous for the 
light chain, one expressing the light chain at low levels (Line A) and the other 
expressing the light chain at high levels (Line B), were generated as described in 
the subject application. In addition, two single transgenic mouse lines 
homozygous for the heavy chain, one expressing the heavy chain at low levels 
(Line C) and the other expressing the heavy chain at high levels (Line D), were 
also generated as described. In order to generate double transgenic mice 
expressing both the heavy and light chains of the antibody, the single transgenic 
parent heavy and light chain lines were intercrossed in different combinations, 
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including the combinations indicated below ("low" and "high" referring to the level 
of expression of the indicated variable gene), 

a. F (VK low) X M (VH high) = Family 1 

Line A Line D 

b. F (VK high) X M (VH low) = Family 2 

Line B Line C 

c. F (VK high) X M (VH high) = Family 5 

Line B Line C 

6. Crossing Line A with Line D (Family 1), and Line B with Line C (Family 2), 
yield double transgenic mice that are viable, fertile and thrive to adulthood. On 
the contrary, crossing the two high expression lines (Line B with Line D), 
produced no viable offspring. 

7. In carrying out the crosses indicated above, as well as other crosses, my 
colleagues and I were not looking for or thinking about developing a model for 
Alzheimer's Disease ("AD"). Our objective was to develop a model to study the 
effects of NGF on the central nervous system. As we evaluated the phenotypes 
of Family 1 and Family 2 mice, we began to see phenotypic characteristics 
resembling those observed in humans afflicted with AD, one characteristic after 
another. This was completely unexpected and quite surprising. Our initial 
studies revealed a complex and severe set of deficits closely resembling those 
seen in human Alzheimer's Disease ("AD"). The extensive studies we have 
undertaken with this model over the past several years has strengthened and 
confirmed our initial observations. The model has withstood the test of time. 
Classical NGF target cells, including sympathetic and sensory neurons, are 
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severely affected in the transgenic mice of the invention. In the CNS, basal 
forebrain and hippocampal cholinergic neurons are not affected in the early 
postnatal period, whereas they are greatly reduced in adult mice. The mice 
acquire an age-dependent neurodegenerative pathology including CNS- 
deposition of amyloid plaques, insoluble and hyperphosphorylated tau protein, 
neurofibrillary tangles in cortical and hippocampal neurons, extensive neuronal 
loss throughout the cortex, cholinergic deficit in the basal forebrain, and 
behavioral deficits. 

8. The level of anti-NGF antibody expression in Family 1 and Family 2 mice 
reaches 50-300 ng/ml by postnatal day 45 and remains stable thereafter. The 
expression levels observed at that time point in the Family A mice of Cattaneo et 
al. 1996 are substantially lower (see Paragraph 4, above). 

9. The two independent transgenic mouse Families 1 and 2, generated by 
different crosses, share a consistent phenotype. Only the crosses between low 
expressing light chain parental mice and high expressing heavy chain parental 
mice (Family 1), or high expressing light chain parental mice and low expressing 
heavy chain parental mice (Family 2), give rise to the double transgenic 
heterozygotic mice with the characteristic phenotype, as described and claimed 
in the subject application. This teaching was not provided in Cattaneo et al. 
1996, and could not have been anticipated, but is clearly provided in the subject 
application (see, for example, page 25, line 25 through page 26, line 2). Neither 
crossing low expressing single transgene lines together, as was done to 
generate the transgenic mice reported in Cattaneo et al. 1996, nor crossing high 
expressing single transgene lines together (disclosed in the subject application), 
produces the claimed invention. 

10. The generation of the transgenic mice of the invention is the result of 
finding the right combination of expression levels between the heavy and light 
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chain genes in the double transgenic mice. Functional anti-NGF antibodies must 
be assembled from heavy and light chains co-expressed in the same cell, and a 
sufficient but not "overwhelming" number of cells producing functional antibodies 
is required for the development of the AD phenotype. We found that high level 
expression of both variable genes is overwhelming, as this leads to a lethal 
phenotype early in life. Low level expression of both genes appears to result in 
too few cells producing functional antibody, and this is evidently not sufficient to 
drive the progression to the AD phenotype. The subject application discloses 
that the combination of a parental mouse expressing high levels of either the 
heavy or light chain, with a parental mouse expressing low levels of the cognate 
chain, is the combination that leads to the generation of the AD phenotype. Prior 
to the invention, this could not be predicted. With the benefit of the subject 
application's teachings, the AD phenotype is now predictable and reproducible. 

1 1 . Cattaneo et al. 1996 did not describe the transgenic mouse described and 
claimed in the subject application. The USPTO indicates, however, that the 
phenotypic claim limitations not specifically disclosed by Cattaneo et al. 1996 
"are considered to be inherent in the mouse of Cattaneo because its genetic 
structure is indistinguishable from that of the claimed mouse, and the phenotypic 
characteristics necessarily flow from the genetic structure". However, the set of 
phenotypic characteristics of the transgenic mice of the claimed invention are 
indeed not present in the transgenic mice disclosed in Cattaneo et al 1996, as 
indicated in paragraph 4, above. Moreover, while the two transgenes integrated 
into the mouse of the invention and the mouse of Cattaneo et al. 1996 are 
presumed to be identical, their physical location within mouse chromosomal DNA 
is not. Similarly, the number of copies of the transgenes integrated into the 
mouse genome will differ. These differences in transgene integration translate 
into different genetic architectures, producing different phenotypes. 
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12. In the parental transgenic mice, the levels of transgene expression 
between lines vary as a consequence of these integration differences. Thus, for 
example, one obtains a high expressing heavy chain single transgenic mouse in 
Line D, and a low expressing heavy chain single transgenic mouse in Line C. 
These expression phenotypes carry forward into the offspring of mice generated 
from crossing the parental lines. As is well known in the transgenic animal field, 
the process of integrating a transgene into chromosomal DNA is random, and 
between one founder and another, results in the integration of transgene DNA 
into chromatin regions that differ in their levels of activity, thus influencing the 
expression of the transgene (Overbeek, 1994, in Transgenic Animal Technology, 
Carl A. Pinkert, Chapter 3, pp. 69-114). The presence of promoters, enhancers 
and other regulatory factors in the vicinity of (or otherwise influencing) the 
integrated transgene will also affect the expression of the transgene. 

13. Therefore, in the context of transgenic animals, the term "genetic 
structure" must be interpreted to encompasses the overall genetic architecture. 
On that basis, the mice of Cattaneo et al. 1996 and the mice of the invention are 
genetically distinguishable. The genetic differences between the Cattaneo et al. 
1996 mice and the mice of the invention are indeed what accounts for their 
widely divergent phenotypes. Based upon the differences in genetic architecture 
and phenotype, it can be concluded that the transgenic mice disclosed in 
Cattaneo et al. 1996 do not inherently possess the phenotype of the claimed 
invention. 

14. The integration of any transgene will result in a variable spectrum of 
expression levels from one transgenic founder to another - this is well known. 
Even with a relatively small set of founders, one finds high, medium and low 
expressing animals regardless of the particular transgene. This variability is, in 
fact, an asset in making a transgenic mouse of the invention, and is part of what 
makes the development of the model fully reproducible. The variability in 
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transgene expression levels in parental mice allows for multiple combinations of 
high and low expressing single transgene parents. This process of carrying out 
multiple combinations will lead to the right combination. 

15. The subject application demonstrates that multiple crosses, using a 
relatively small number of parental mice, will produce one or more combinations 
expressing the characteristic phenotype. In particular, Example 1 (beginning on 
page 24), describes the generation of four single transgenic parent lines 
expressing high and low levels of the heavy and light chains of the anti-NGF 
aD11 antibody, and the successful generation of two independent double 
transgenic families showing the AD phenotype. Reproducing this example is well 
within the ordinary level of skill in the art. Analysis of expression levels in the 
transgenic parent mice is routine, and may be carried out, for example, using 
PCR or Dot Blot analysis on transgene mRNA obtained from the mice. Once 
high and low expressing parental lines are identified, crosses between a high 
expressing heavy or light chain mouse, and a low expressing light or heavy chain 
mouse, respectively, are undertaken and double transgenic mice identified and 
screened for the characteristic phenotype, as described in Example 2 (beginning 
on page 27). Therefore, ample guidance is provided to enable one of skill in the 
art to generate the required single transgene parental strains and use them to 
reproduce the double transgenic mice of the invention. 

16. Further evidence for the reproducibility of the invention is the fact that the 
methods disclosed in the application resulted in the successful generation of two 
distinct double transgene mouse families, each displaying the characteristic 
phenotype of the claimed invention, despite the fact that the two families were 
obtained by crossing different pairs of single transgene parents (i.e., both 
combinations of high/low expressing heavy/light chains). The generation of two 
independent families with a consistent phenotype rules out chromosomal 
integration-dependent effects. 
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17. In view of the potential clinical relevance of some of the described actions 
of NGF, including its potential role in the development of neurodegenerative 
disorders, a model allowing the study of the role of NGF in adult animals was 
very much needed at the time the invention was made. However, prior to the 
invention, it had been shown that the genetic disruption of NGF in transgenic 
mice produced a lethal phenotype in the early postnatal period, preventing the 
analysis of NGF function in adult animals (Crowley et al., 1994, Cell 76: 1001- 
1011), and no comprehensive transgenic model allowing the study of NGF in 
adult mice had been developed. The absence of such a model represented a 
severe limitation in the field. 

18. To my knowledge, the transgenic mice of the invention represent the most 
comprehensive model for AD in the world today. No other existing model 
simultaneously exhibits the combination of AD phenotypic hallmarks. AD is a 
progressive neurodegenerative disorder of the central nervous system 
characterized by the accumulation of abnormally processed proteins in 
neurofibrillary tangles and senile plaques, principally the p-amyloid protein. 
Cerebral deposition of p-amyloid is an invariant event in AD, common to familial 
and sporadic forms of the disease. The model of the invention is the first model 
comprehensive model of AD, and revealed a number of functions of NGF that 
were unknown prior to the invention. In addition, use of this model enabled us to 
conclude that chronic deprivation of NGF in the adult nervous system leads to 
the formation and deposition of p-amyloid in the model animals, suggesting a 
direct link between NGF signaling and abnormal processing of amyloid precursor 
protein. 

19. The invention was instrumental in raising the financial capital required for 
the formation of LLG, and has been responsible for the revenues generated over 
the past 4 years. 
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20. LLG currently provides commercial access to the AD1 1 transgenic mouse 
model of the invention through a variety of service, licensing and/or collaborative 
agreements. For example, LLG has granted Johnson & Johnson Pharmaceutical 
Research & Development, L.L.C. ("J&JPRD", Raritan, New Jersey, USA) a non- 
exclusive license for the AD1 1 transgenic mouse model. Under a non-exclusive 
license agreement, J&JPRD is using the AD11 model in its drug discovery 
research activities to evaluate the efficacy of a variety of proprietary drug 
substances to treat cognitive disorders, including Alzheimer's disease. In 
addition, LLG has also entered into a collaborative agreement with Hofmann-La 
Roche ("Roche", Basel, Switzerland). Under the terms of this agreement, LLG is 
providing Roche access to brain tissues from the AD11 transgenic model 
to perform proteomics analysis aimed at the discovery and assessment of new 
AD-relevant targets. 

21. All statements made herein of my own knowledge are true and all 
statements made on information and belief are believed to be true, and further, 
these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent issuing thereon. 





Antonino Cattaneo 



Date 
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EXHIBIT A 



DESCRIPTION OF FIGURES 1-3 HEREIN: 

Fig. 1: Neurostereological counts to determine the total number of cholinergic 
neurons in the basal forebrain (BF) of wild type (WT) mice, AD1 1 Family 2 and 
AD Family A mice. AD11 Family 2 mice show a decrease in the number of 
cholinergic neurons with respect to WT mice (* P < 0.05), while AD11 Family A 
mice do not differ from WT mice and show a statistically significant different from 
AD1 1 Family 2 mice. (# P < 0.05). 

Fig. 2: Counts to determine the number of Abeta clusters and plaques in the 
hippocampus of WT mice, AD11 Family 2 and AD11 Family A mice. AD11 
Family 2 mice show an increased number of plaques with respect to WT mice (* 
P < 0.05), while AD11 Family A mice do not differ from WT mice and show a 
statistically significant difference from AD1 1 Family 2 mice (# P < 0.05). 

Fig. 3: Neurostereological counts to determine the total number of phosphotau 
neurons in the entorhinal cortex of WT mice, AD1 1 Family 2 and AD1 1 Family A 
mice. AD11 Family 2 mice show an increase in the number of phosphotau- 
positive neurons with respect to WT mice (* P < 0.05), while AD1 1 Family A mice 
do not differ from WT mice and show a statistically significant difference from 
AD1 1 Family 2 mice (# P < 0.05). 
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Paul A. Overbeek 



I. INTRODUCTION 

This -chapter is intended to provide somevgenerail advice about geh&ratjng tfcuttgcnic- 
mite, the .major goal of the chapter is to. help simplify spme of. .the ejections, that- 
need to be made wheii a labbnitory hcgiiis to do research with transgenic mice. 
WhaL atc. ; gpo<1 strains- of rfrice jo. u.se? ShouW the tra^ 

micf objection or iretroy ii^Jtiftction^ or .by gertetic oianiputatibh of .embrtphi^ stem 
cells? If liiicrpiiyectioji 'is sh&ssn, <ivhat- Ctf e good vectors to^use Cpr tliejmtjal train- 
ing Hlagcs?- What abqut recortl Weeping farmclmiee^ 
The first half^ 

. getting started. ancludi^ The second 

half of tlic chapter diseusses troublcsliootiitg strategies and transgenic phenome- 
nology. Most of the recommendations in.lhis chapicr are based on ipei-somi I. experi- 
ence, acquired, while running a laboratory that; generates- transgenic mice by microin- 
jection. The strategies; suggested iivthisxhapter have worked well fbrmy laboratory. 
buL they may- need lo be mtHlified for oiher research filings. The information in 
this chapter represents ;a short introduction to inbred strains of mice,, mouse hus- 
bandry, mouse^breeding;. artdf ejebrd keeping, More Retailed iiiio^ 
topics can he /ftWridJin Hpgan>r rirf. (1^86), Fcsting (\$90\, 1992), ;Hetherin ^U>h: 
(1987), Otis and EqsiMltf^ 
(].975) ? and Lef (19.75), 



It* GETTING STARTED 

A. Microinjection versus Retroviral Infection 
v&rsus Embryonic Stem Cells 

There a^ gchei ati rig Lrar isgc h ie mice: mien >ihjec lie. ?n 

of tirie-ceJl .stage- ernbfyoVv retroviral infection of embryos; and genetic mahipyla- 
Hon of embryonic stern ;j(iiS) ceiis^ As a general rule, each of these techniques; is; 
u^ed r^. a dlferem uSed where the tnujor genii is to study 

expression of new genu I i e ■ i ti fommuori; rc Lrp viral i n fee Lion (of em bryols Or E*S cells) 
is used for studies ;£f Afell Im^geahd- for random ihsertibnal mutagenesis; :an"d. 12S 
cells air: used lor sitcrdirectcd mutagenesis, by homologous recombinatioi); 

Microinjection is the mosL epmiiiOiily used procedure; mainly because of its 
reliability. The lech nique. ret jii ires a concerted trainin» period: (often 3-0* months), 
but once the protocol is. mastered, transgenic mice. can be efficiently, generated with 
almost any ;DNv\ construction. In most cases, transgenic DNAs introduced by mi- 
croinjection have been found tobe cITicienlly and reprodiieibly expressed in l.rans- 
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^ genie mice. Microinjection- is the preferred strategy wben:the objective is lb obtain 
expression of new genetic in form ariori (see Chapter 2) , 

Whereas .microiiijuciioris are ^most- always perforrned on- one-cell ^age em- 
bryos, retroviral infeniioncan be done Successfully at : vaHgus stages of embiyoriie 
development, ranging from preijii^kniaiihn to midge&tati.bn, As a. result, rp<rnyi- 
nises haye^erved as' useful marker* for cell Uneage^studies^SorianW and )aenisch ? 
\9$6) : For rajKlOru inxcrrj^'iial mutagenesis^ valuable 
attribute of mi^gnmng into the host "geftbitic Without delations ,or .re^rangenieiit^of 
* ttifc cHromosorria characterized bsertionaimulalions m trans- 

genic" naice is the ; i n act i va t ion of rhe af (J) collagen .gene , by retroviral integration in 
tic Mc/vi^ family (Jaemsch et ai { , 1983;. Sehnickc et ah\ 1^83; Harbers el al, 
Harturig et aL r 19&>); Retroviruses. can also infect ES cells, allowing Jhern 
to Re used for promoter tiap and gene crap, experiments where there is a preselection 
:|pr ;ppteiitiall>viriterc,si'ing: ( sites of mtegratiori ; ;(e,g. t Fnortrich and Sofjahb, 1991). 
IjVeonlrasf iiy (he. case .with: retiw'inises;- integration of microinjected DNAJs ofteii 
accompanied, by major rearrangements or deletions hvthe,host genpmie-DNA jfeg'., 
Singh et ttl. 1991- Covarnjbias tv d?/., 1.980, .198.7; reviewed by Meisler; 1992). 
Sudhchn^rnosomaJ changes can CMiplieafe the .search for the coding Sequences of 
the inactivated gerte. Retroviruses have also feo^ of their por 

reritiiifuses;;fcf gene therapy (see (l:haptcr 5). 

In%ralion...qf mieroinjected l)^\"sMd of fcl.ro viffi&es tyfucaily does, hot occur 
by homologous • tecpmbihati^it, . 'p these/procedures are not practical 'for aiI.c-' 
.$rem^^^ In ES cells, the; frequency of integration by homologous re- 

cdnibination is high enough that, the targeted aitegration events can be identified in 
v7/r^;hcfoTe mexel.ls are used to generate: transgenic mice.; in those cases where a 
gene b^ .been cloned, but the, phenoty pe caused by mutation of the gene* is not 
kiiOVL r n v ES cells offer asirategy to; generate the desired mutants. One technical 
hurdle Li) die. iisc: of HS cells, is mastery of the tissue eidrure system. The use of ES 
ceils Tor Targeted mutagenesis is deseribed in detail, in Chapter 4. Table 1 eOnlaias 
.a summary of various featurexof the techniques ibrgen^ mice.. 

B r Strains of Mice: tnbr&d, Qotbred, and Hybrid 

Inbred ^trains of mice are defined as strains that have becn ; maintained by Successive 
brother tp sister mating* over more than 2 U generations ' (Green, 1975). Repetitive 
lhbiiediiig;r^moves genetic hcteitf&eneity;, so dial in ice. of an inbred strain are con- 
:is]3fired» tqt be genetically identical Ur each mother. There arc hundreds of diffeteat 
inbred siraihs of mice fFesLing, Some of the more commonly used laboratory 

^trains v along widi their pigmentation,, include the following: A (albino),* BAL13/C 
(aibimi^^BA (agouti), C3H tagouti)^57BL/f) (black), C5/BL/1U (black), C57BR 
(brown). C5H (black), DBA (dilute brown), FVU (albino), NZB (black), NZW 
(white), SJL (albino), SWR (albino)., arid 129 (usually albino or ehinchilla); the- 
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Techniques for Generating Transgenic Mice 
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Rcwoyirdl infection 

*,>l r.inlu'vVis 



P&V vector 



|£iiit!]\<n 

Ocnoiypc-of 
Screening \qf 

Cov?y number .of 

S\:rccru»«e 91 
potential 

■.ah? tr«h$$ciiic 
l^spiKKsinn.of 

j i itcgralion 



Gtiim line 



Disadvantage? 
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prclVliiWjr; I litis*' 
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Oviduct 
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enil>iyo> dnrinii '. 
linfeniinjccliofsJi'' 

b. Miiiitptc copy 

intcj»raiiori 

c. Luck ui mMTiHHi.-hjr 

honido&ous 
rx*i :t 11 1 il i'n t£t I i-ful 



Poor 



Apparently riutcluMi 

repeats M;TR.O 
Usually 



Single-copy 

irtft'yniiyin using 
retroviral L'i'Rs 



Uaudly 



b.. Success I "I ,^ 
egression Ayitb 
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fuU-nam^; fp^pn inbred strain includes an abbreviation to designate the source rif 
' v riiey mice'lhc abbreviation is placed after: a ; that follows the liame ( iif the inbred 
strain. For instaiice A/J mice would be Strain A, mice fi uin The Jackson UbormbrV, 
whcieas FVB/N mice would be FVB mice fiom Ihe? National Institutes of Hcajtli. 
For those strains will! a/ iii the staridauj name, the; abbreviation f^: the: supp lief i| 
added to thkend; of the, riarnc Jacks^ri Ubbrattiry); 

For more detailed inl'oniiatiotv about namhig inbred grains of mice'; see Festim 

<umi ' ' ' 

Fiir ^menratjpb i in inbred labbralory -rtr^ prirtwily.by four cJifV 

ferent genetic 16ci:,agou^ albino -and ditulb;<^/) (reviewed^ by 

SHv^s, 19:^^ thepa^iwa^ 
ui niclanip synthesis for mutations that inaetivafri 

tlVevtyrosifiase gene ? tl^niiee are^ilhino regardless <>f the -genotype. at llie other:loci. 
All pt;;tfecQmuuH] albino strains _6t" mice have the;sarne point mutation in the; 
lyrosinasegcnc (?ifekoyama at. . J 990), indicating that Jhese strains are all derived 
from a common ancestor. When mice are homozygous or h^t^^^ou^..f<>r a non- 
mtiraced tyrosinase gene (i.e., C7C Qt-Gfc); then the ^Q.Jpr of pi^ment^oh deter- 
mined by tile condition of the orher genes , If the niicc ^ $]ele 
(either A/A or M<t). then the fur will . contain Hni.fi black and vgJjojV Jbaiids,of pii^ 
rnenrarid will b^'a|auti:(^e Fig. \), frhoifh copies 

the; hair beiromes uniftirrnfy p?gl1)entey,. : and-die mice;u&: 'either- bbvdjc 0!B pi B!pf 
or brovv/ii (b/^(Fig : l)i/Mic£.^ the dilute gene 

(ixv:, v//r/) show a dew shwii), 

Hybrid mice ai^ : ^unbtSateci 'by. :maitixtg. ;nfi-ice from two: ddXerenr inbred strains, 
the trace from such a- mating arc termed F I hybrid mice. They are genetically 
identical loonc.anpte When Ff mice arc. 

mated ro one, another, tlie offspring, are referred to ;a$vF2 hybrids: f 2 hybrid mice 
will be genetically. different Jrom one another (owing, to mcfof ie . reeombi^ 
random soryng.of.the chromosomes) and will contain different mixtures of the ge- 
netic variations that were present in theoriginaJ inbred ;prbgenitors, Hybritf'mice 
exhibit a phenomenon termed hybrid vigor. They show enhanced fertil.iry, they re- 
spond better 1(> ^ufHirovijIati'on diid' :by brid v ufri^yW.;ciih : 'b$ gro^ii effi- 
dently from t he r one^eei 1 to bl astbey st stage .in; yiify: Out bred strains Of f nice are 
propagated by nonstanclardi^ed matip^ and rhereTore retain sabstantial . gSnfctfc' 
variability.. 

h)bred ? outbrcd; and hybrid i^ice^ are; used for tra^genic research. Table 2 
c ? (>nUM%>a^ The inbred 

strain* ittoSt ^onihipnly used for' transgenic research Lielude C57fe6 (often re- 
ferred to >as k4 blacl< FVB., cind 129/Sv/Ev mice, the strain- has been 
used . Jot lahonitory research ifej- many years, so, that many known mouse mutations' 
are avnilabie on the C57BL/6 background. Young C57BL/G ieiualcs supcmvnlate 
weJi and,fc\57BL# blastocysts have been found to be excellent recipients tor ge- 
netically engineered BS .cells (see ^ Chapter -4). I-VB embryos are often used for 
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Figure !♦ Pigrnentatidhin laboratory mice. Some of the most coi^nioo piginoriloiioii piic- 
Holy pes for laboratory mice. a re pictured, From Ibf^fd right rhs mice are albino (genotype, c/ 
c)> agouti {A/a B/BC/cy; brown agouti (A/a.b/b C/c), block v (o/o B"/B- C/c); and HrhWrt (ri/o 
b/b C/c) . In ogouii mice, ihe Siairs of the fur show. c ; suba pica) band of yellow mdon?n -jpheo^ 
m e Ian i n J si rrrpu nd i?.d by r eyjpr vJ o f black, nie la n i n (ey rfi etc hm) <\(not visible ; i n the ph o to.-. 
a,raphj. The pheomelanin bond to "missitig in the black dn^J brown mice that pre mutated ;qt 
the agouti locus. ; 

ml'c^irijectioiii tliey have\larji^ (Fig. 2) rh?ii are easy 

uirgets tormie^ 1 9^1 ) r Most of theBS cell iine$:.haye been 

derived from -aggtfti |29/$y micei The most Gommonly used hybrid mice for trans- 
«chic research are JJ6SJL lfl> derived by mating the uibred slraiusr C57BI^6 and 
S)U iinnster and colleagues' (1985) haye docujneiitcd -this advantages of thejB6$JL 
mice. Outbred S>viss albino strains such us: ICR or Swiss-Webster are. often used as 
recipients for embryo, transplantations. 

<lHrcbred mice are generally less expensive than inbred or hybrid mien. For 
example, 6-\veek-old IfiRterriate mice currently cost less than &2. 00 each (Mar- 
Ian Sprnguu Dawlcy, Indianapolis; IN-; 1991 catalog),, whereas 4 to 5- week-told 
C57BU6', FVB, or U6SJL lerhales are approximately S6. GO- LOO eaelffHie Jack- 
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TABLE 2 

Mou*e Strains Usicf f 6 r Transgenic Research 



Strain 


"lVpical uses . 








Pryjtuclciuuiiiuroijjjectiusi v recipiectl bl ustouy sis 




Pro m icilfta'r micro i njeel ton 






(TfcnfeValcFJi^tell's " 


Ourbreci niittt 




ICR or GD I 


P*«ucinpre£nant rcc i picur 'fema lc«; 


Hybrid mice 






Proiiucliar rriicrOi njectifin 


&t>Q2 Fl 


Vaseaomizcd males 



soil Labbn&ry, Bar Harbor, ME, 1^2>eataiog; Tacoriic ; , German'town; NY, 1993 
catalog); In general; uutbreoVaTid hybrid rpke have better ferliiiLy and larger litter 
sizpvthan inbred mice, However, the inbred PVBi mic^Jiave feruiity and embryo 
euicure- charactemtics that nearly match the hybrid and outbred strains (Taketo vt 
ali, 1991): The. biggest advantage of using iribied iniee is the ti>iisisteiicy of ; lhe 




Figure 2* One-.cell stage FVB/N embryos. In eachembryo, two pronuclei are readily vis- 
jble. Eachrprg nucleus corVcins bn$ or fnpre hoc(Qo!j;.(prom^ oraan&jlas within 

each prbitudcua). The two polar bodies ore visible for aHeft. the FVB/N am* 

bryos weraculfured in I ho top of a plastic petri dish (Falcon 100,6, Becton Dickinson Labsvare; 
Lincoln/ Pork, Nj) ond viewed, using HoflV»an op lies. Because the FVB/N pronuclei are large 
and distinctive; they are eh&y to' inject, Moreover, )|>e lacl idol FVB/N mice are- inbred can 
simplify, the subsequent interpretation of experimental result. [This figure was originally, 
published' ih Takelp e* ai, ( 1 791),) {Magnification, A(i() >: ,) 
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genetic background. Tins can be a pertinent eorisHteration for studies' with trans- 
genie^inice} When ; a t: xing]c DN A construct is used to generate transgenic mice., 
variability in expression or phenbtype between different . i^^gbn-icf- . ni icc"cai\iio(. be 
attributed to a- v&iabfe geiidlic buekgroimd if^ mice is nseci; 

C Mouse Husbandry: Caging, Mating, 
Pregnancy, Record Keeping* etc. 

1; Animal Welfare 

All rpxcareh with irrfns.gen^ 
posslbfe and in accp^ari<^;\vith alJ iibdcmi and iristitutiohal policies for research 
with laboratory animals. In tlie-Umted, Stales, 5 ii vest i galo r s ii i id institutions arc ex- 
pected to comply Avilh^tc AniTnal Wclfan; Ac Land iM ; ®widjefor. ttie^Care and Use 
of laboratory Animal s. (documents available, from the Office* for Protection from 
Research Risks, K1H. Bediesda; MD 20392),, As;part of this policy, each research 
institution is required lo-'appuini :m Inslihitmnal Animal Care and Use Committee, 
which is required to review and approve, animal research prop6sal$*and ptTptqcoJi!;. 
Before Iniiiaring any research with transgenic mice,, investigators inu si document 
their plajRS 'ioi>.b^nl^Vji^.c.\aild research In order Uj uhtain appmyal from the insii- 
tUtiDHid review eoiiimkt^ inve.sligafor^ always confer with the 

chief veferinanah for the factiity \y here the ammals will. be housed: The v^terinai ian 
will.bc\.abfc to provide intonnation about a variety of impixlunL issupi,.;includinit 
space alloCiilipji fur die transgenic mice, acceptable vendors for purchase of mice, 
ruspimsihilifies in the provision fef 'daily and weekly care loathe animals, animal- 
husbandry charges,- standard h ous i ng , conditions for tfcafcinials; acceptable anes- 
dtetics. protocols for animal .procedure nniiiis, treatment c)rsiufc^mals T -<Kspi>sal 
of dead animals, and so forth. The. chief veterinarian should be consulted concern- 
ing all of ihe husbandry : recommendations m;ide to this chapter to be certain that, 
thev conform to the: standards of the animai facility. 

2. y tandmd Housing Conditions 

Laboratory, mie e are i y pieal 1 y jh on sed in pbl yea rbo nare cages rhac;ai^. equipped 
to provide food and water fbr ihe mice (see Pig, 3) (Laft ^ 
l^J), .VlpVt 'facilities:- lisie iwo:'(o'r more) standard -sitte cages^.i'Small .'"shoe box" si*e 
orapproxii[iatelv 12 ^ S X 5 in. JhaLcan house lViu™hfi vij; adult mice, or a nursing 
female ;w.ii:n' 4 pups,- ancl a /jar ger ^age (19 x :i0 x 6 iftO.thk dan houte du>proxi- 
mafely twice .'as many niicb; . 

Food for the mice is. 'generally provided ttd iihitumz The food is placed cillier 
iii a metal etnitainer Lhm is positional inside the cage, or alternatively in the mera I 
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Figure 3. Mouse housing eagGs- Prototype small and large cages fur housing laboratory 
niit^ore shown (Lab Products; jnc;f. Mi era isolator taps for each cage size are aUp. pictured. . 
Cage coifi ho Ids rs a re not shfcten . 



lid on fcij>* of th^iag^.RMe/iu ;eliow is available in "a n.wW^'r t>f .diffc*inc?nl :i;ecapes.. 
from suppliers :■(£.£, t retina ^ii lis, . Ijic .^^^pKbi&i^. ;J'Jhr>>. ■ Mostffiiiml h-pMging fa^ 
e ilit ies piti cha&e the rbdejftt chow anVl^royidb J^c'to amriial 
husbandry sei;yicesr. 

Water is also. .provided Miflibihitn, typical [y irorh wu^r ^M 
rubber stoppers and sipper, lubes (Fin, 3)\ the water is often acidified to a pH of 
2.5 by addit ion of HCL in .ord er to. slow the growih of bacteria, in the water. Water 
hoirlcs should be cleaned and replaced once per week'. 

Bedding for the mice is IraditiiHially either .wood, shavings or wood chips and 
is typically provided by die animal husbandry, service. Bedding .should be replaced 
ai least orice per week. Pregnant females near delivery can be yivenaeotton block 
te.gu Nestlcu (nnn Aneak: Corporation, Nqrth Belimore. MY) or paper towels U> 
u^to'build a:nest:for th^pups. Cages vvilh nests should.be checked regtdarly io-bc 
ce'iitaiJi that die nests do.npx confer, the nipper lubes on ihe water bottles. Such- 
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contact allq.W.v the, water to drain from the water b<)Ulc, resulting in fl^idii^ of the 

animal : cage. FUiodcd" cases call lead Ui death of young mice by hypotbermurpr jji 

dr#iiii.g. In ^ 

1 S days Or rtf^^ipMV'¥a«l^^ »hat arc less than 48 hr old. It is best 

lo teaVe females felauveiy undistitf bed around the time of delivery*; «■ 

Special microisolalorcaging systems have .been designed lo.help prevent the 
sppad of pathogens wifbin. a. 11^^ - 
be equipped with special filter tops (Fig, 3) that prevent contamination by airborne^ (* 

should te.changed^ieca^ ,hc - 

cage tops: restrict evaporation and air circulation within the cages, An alternative (tt 
isViatidn strategy.is to use microisotatpr racks (Lah ^uctS^iifcjV^st! racksjare 
i^siaiiett with enclosed shelves and specialized ventilation systems. The shelves are: 
Allied with retractvible glass doors that can be. opened to ^llbvy access to: the, 1$ 
'^S^kmitetofQi racks arc expensive* so they arc.generajly used only tor small 
• c^fe^^^Vi^b^.ft^* iftiefe tba^ boused in special ideations, - 
" Housing condition for mice>ary<ace<mliiig to the stringency oflhe procediires: 

u&d.'t^ 

arc referred to as^^yeattojfeK 5 ' imd ^petSfic 'pathogen frce.(spf)'' frang, 19$% 

Otis and Foster, .1.9*3).' For spTTaeitities, special precautions are.employed to pro, | 

user-Ac twite'^oitt «&iH6s} ^^"^y-mw^W* 

- m a with spf mice are i^uiieci.iiv'fojiow' ^d.fl©^guiae^i^^reJ|aK^l.n : g• personal- by- 

gllae> and ctothum when they enfe^ atiimal husbandry area, to addiliiMi,, alt U 

experimental supplies and surgical/equ^ 

are broiiiJht ii.to.an spf area: Each spf facility wiiriiaye its own standard. pperatmg 
procedure, which should beadbercd to conscientiously. Conventional housingta- U 
eiiiLies.maintatn less sirkigent hygiene staiidaMs. typically allowing mice to be tCr 
ntrtel to die facility after removal for surgical urexperimehtal .pnicedures. 

I 

Inb^, outbred, or hybrid one*jeH stage eifibryOs can be used for Tni^oiiyec!- 
lions, fo-^fie^tt'in^-embi^' both iiiiiling partners must be of the same inbied 
srrain (e.g.. PVB X FVB). whereas hybrid embryos can be generated by :m»wng | 
mice or two different inbred strains. Hybrid embrj-os can also be generated by 
inbred x hyhrid.or 'by hybrid X hybrid mating*, tf either of the. parents in the i 
irratia* a»outt^l,^ie-«ftbw^,ju«.^^el^ to be ouibrcd. | 

The two most commonly used inbred strains are C57UI../6 and FVB. Although 
vouno fv57Bli6 females 0*4 weeks old) supbroyulate, well, often producing j 
%^40 embryos/female, there are some drawback to using the C57BT/6 strain, to- J 
make transgenic- mice, particularly for beginners, (B7B1 ./6 embryos from -super- 
ovulated females show, a high percentage of unfertilized and abnormal embryos, j 



3. Foclori AffucHng Transgenic Animal Pro tJudfipn 



79 





'(LftHO^i amkfi&p^ and difficnit : t6tictehtify; A later. .drawback 

v $the'^ 

sizes' cf/toiUy "3— 6; i i'jice. C57BL/6 females urcfoftcii in}6r tnbll)crs r >it> Lbat newborn 
mor^li^y cari <k^ut wi th a fnixrnnririgly high frequency. Both of these chafac^isfiCK 
Can, make k dilVicdJc to, generate extra offspring within, a transgenic family jh; Order 
to dp further research . 

irieoiiLrasty FVB/N' embryos have large, well-defined pronuclei ; making LhcTii 
easier to inject (Taketor<?r 199 ( ) , Superovulated FVB/K females yield an. aver- 
•age.. of l£» r 25 ernferyoS'/female-, they mate wjiH jji^ 

they produceva high percentage (usually >9ti%) of fertilized healthy.- -embryos; 
Moreover, FVB female* an: exeelleni. mothers, Ihey lyptGally do: not; eannifealike- 
dead newborns, and the average litter size is tf-10 gdpsl It should be. noted that the 
FVB straitl. is not well knoWa outside of. transgenic mouse research, The FVB 
strait i ? parLicularly at ihb iin inunologieal; loci ? . hax^nui. been as f ul jy eharae lcrized;Us 
tlieG57aU6 strain/ 

The most c0rnmphly jjsed embryos tor microinjection are not inbred but are 
hybrid F2e^ (rain jimt i ii^s of liie^ jitbr^d . ^tiuiris. G5 TBL^©. aiid: 5JFL . 

B6&1L F2 rticc\hav^.}i^n- :usocl /or many^ye'arx ; by •Brinxfer, arid : co].lt:aguevS- r who 
.found >li.at ii^- hybrid -^brvbs gave a sub^taritiaUy higher, ffeijuen^y of transgenic 
on^pfirig than inbred/<p57BU!6' rtice (Brinster cf a/,, }985j. The hybrid females 
Nuperovulale welt, and ll\e % emb].yos J show the traditional hybrid vigor.. 

Embryos from piilbrcdvsrrains, can also, he used to generate transgenic micei 
Because outbred mice are less, should consider 

using- oulbjed embryos for die initial . stages of training * Outbred females superovu 1 
laic wi:ll, and onc-ecll Stage embryos can be maintained in culture to the blastocyst 
stage in orxJer ro monitor 'percent survival, In contrast to outbred (and. hybrid) em- 
bryos, embryos. from inbred strain^ allowed to develop m vitro often, stop develop? 
iiteiil at llic 2-ue.il stage [(inferred to:as Lhe 2-ccll 'block). Embryox fmm a lew inbred 
Strains', s\ich • ax- FVB *:'yM\ ,devel<>p efficiently /from' the fine-ceil xrage to fheblasljt^ 
cyst stagd In embryo ^culture inedhim; such as JVI16 (Whltcirigharn, 1971; Mogan 

Female, m jee^can be jnducctlio xiipcrbvulaie rSy teatment with hormones. The 
two man* advantages of superpvulation. ^ : the.increase ^. ni nofhber of embryos and 
•thte^ncb.rqAiwti6.n of* estrus. Without sur^royulation, female mice generally rer 
kase'6-10 oocytes during each estrus. Willi SLtperovulaLion die number of oocytes 
can>bc increased to ax many ax,4j0 per lemalc ^Rafte^, l'97#;.Hogan ei al, 19?$), 
Superov.ulation often works best with younger females that have not yet started, their 
■own ovulatory cycle. For many strains of nWcev females that are 3-5- weeks of age 
giveuhe' best yield of oocytes on xupcTov illation. The young females will rii ate 
successfully, so that this -strategy is the standard protocol to obtain embryos for 
microinjection. The regimen.f or hormone Chapter 2: 

In the absence of supcrovulaLon, female, niic£ begin lo Ovulate and become 
fertile, around 5— o week's ijf age. Adult female rhiee have an estrus cycle of 4- 
6 days, they are receptive to! mating only during estrus, arid they cycle. regularly 
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until 7-9 m^th^»r.ugc:formost'.strains. female mice can he housed, together in 
Cte saml cage before mating, during pregnancy, and after newborns have been 
wfcaTicd/lirgeiteial. pregnant female arc placed in separate cages 1 or 2 days before 
their sctplnlctl dclwei^. This h'eJjps' preventvnvcrcmwditig, -allows unambiguous 
identin^oti of which pups belong to which. mothers and^iminaU:s the possibility 
dial LlieJpy ps froni one rripiihef will be atliicked by another female in the cage. 

In mu^t ^.search ^erlitite; mice are housed ih rnoms with no external lighting. 
A- tinier^conm>llcd lighliiig :systejn i^ used to .provide a ccmsiueiU; daily lighten, 
lights^ cycle,, which is locally 14 W 6f> lighting /then 10 jfir of darkness (ftr 
cxampley lights-Qivat 6\0& A,R . 'iighrs-olTal 8:00 R'JVil.),- 



A. Fcrlilc ^Stud) Malis 

Ma& : '^ becope ier tile at ■ 7--S weeks of age. When maJes are 

housed (blether from weaning age, inultiple > males can generally he kept together; 
in . ditWihS -edge indefinite •Howfever, ' ixpjeiuehced s males should nor -he housed, 
together; sinWihc>r^ Ihe most aggi^ssive-mrde 

ftaskilie^.chk^ When mates ar^ieady Ui be used for. mating^ 

they sltQuld he placed in : jn<ii^dttid 4 cag^.\;lri^neral if ftelps ro giyeeach male ills, 
own cage at leasi:24;hr beiore setting n^ a matiitg iit^d^to giVe^e male rime to 
establish' the cage as his territory, Maiings are initialed by adding one or more, 
females^to cacti male cage: 

We typically use each fertile male ibronly one -pr two maiings per week.: A 
more frequent schedule leads to lower mat in ii percentages and a substantially de- 
creased .pereenl. feruHzatioti. Vasectomized males can he mated iiioi^/fi^quently, 
since th^ir ability to. produce adequate spemi : is not relevant. However, yusecto- 
mixed males ^nlV«ocGasiOnaJ.ly'- mate: more than twice a weeky-even if given liie; 
opportunity. 

Thfe : fertility, of the shid iiiaies : typically begins ro decline when the mice reach' 
<M"fl ii^K^ lime iliey should be replaced with voumjer inales, 

SMrile rnice. remain' fertil^vidng^r than female mice: Jii iiiosl 'strains of mice; experi- 
enced niales rerriai^VcHiie up; to ; "J.4- 18 rnontlii 6f %, aitd .ii^xperienced males 
can often.he succe^ i/p'to 1:0-12 mohths pf age. Males tl^l.loob 

< >r that have stopped mating shot i Id; he; replaced . 

The. genetic background of ihe v rertUe males sbou be matched to.- that of the 
superovnlared females. If die ieiaales tnc^oucbi^d. then the rnajjes can be. outbid.. 
If the females arc inbred, then the males should be from the sanie strjiin in ordcr,:tp 
maintain the jiibred background; Hybrid females are generally mated io either Fl. 
oi lfl hybrid males of die same genetic. background. 

^maintain a cage card with a mating record lor each stud male. The mat- 
.big record indicates whether a plug was found for each date- when die male was- set 
up for muting with a.sui>erovuJated female. Males dial -do not produce pings lor 
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fovir^Qnsecutive .-matiiig* opportmiiiies^wli.as males :tliat mare less foain 50$> nf, 
the time arc replaced, Overly; aggressive males will tight with and jnj^.f^afes 
thai, arc added xo their cage. Males' that show such behavior more than, once.uaie 
euthanized. 

5. Vsiseetoirifeed Males 

The genewrbackgrtuind of the vasectomizedi mates is usually not enrieaK since 
th^se; males Should not produce any direct deseendents* To help recognize the oc- 
casion^ ferlile viiscctoiiiized male), 
coar f color. markers can he used/ The, yasrctomized mates can -be selected so that, 
iuajjprophate offspring woii Id h;ive ;t ;; d^r!pnLeoat color than the o^j^irig^fmm 
injected wiibrybs (e.g. , albind y#sr^ 

^i^c^miizcd Tiiales^io^ and over a reasonable tinuj span. 

Uur, fovprire males are hybrid BcjD2 Fj mice {generated by mating C57Bli/rV hi 
DBA/2 mice); The mice are i^exjpen^yc; .and readily . available" from com 
breeders; The- males mate consistently up to;^t least .1 ye^r of age, and they leave 
readily identifiable ^pfugs. The males are docile and easy to work ^irti< Males/ can 
be purchased already vaseetomized (e.g. ; from Taconic), 

6; Recipient Females 

Once embryos have been genetically manipulated in w'tro, they need io1?c 
transferred to pseudopregnant recipieni jeiriates, Because the purpose of the recipi- 
ent females is to carry the embryos co term and to nurse the neWbonis to weaning 
age p weeVfO, it is iiiipc«laiit tS use-females -that are good mothers; tlie female^ 
shouki;also be re.lanvely dociie so ihat they will allow' inspection -tf the pups; and 
ttifl accept $$ps ton another, mother; ^Oiitbred ICR females are inexpensive and 
make \10Q<} reclpieri t females. 

prie. ^nifegy to obtain^ to set up random mating*, by 

placing one or tw males. In a' nonsynchronivred 

popuUiti&n- ip-20^ or the iemafeS^yill in eslxus on an average day, $0 that the 
rrjtal nn^ he 5 in 10 times the number 

thai vinil be heeded for die: embryaii'ai^fei^ • Mated, females are identified hy.in- 
spection for copulation plugs (l^iftrry, ffcmbiyo manipulations; are don§ 

on eonsceutive days during the wek-Ate ;S^ieTiV'.has. .the advantage thru a large 
number of females can he .set up on the first day* and on subsequent days only 
previously unmaied females need to be cheeked for plugs. 

Air alternative strategy to obtain pseiidopregnanl recipient lemales is to set up 
pew mjifingK cacti day using females that are in .estnis. Such females can be identic 
tied by inspection of the vagina ( for swelling, redness, and a rippled folding :( wriu- 
kliiig) of 'the vaginal wallfsee Llog^n *x w7. ( Wfififl; When the females are pre- 



Paul A* Overbeek 



S creteticd 'for.«sttH^.50% oc mdrrbf ft* female^ should be. successfully -mated 
overnight. lT«^a«lvaflU^^*p«WtM^|;fe p0tffifrJ0tip.m* to be cheeked 
tot plugs each mowing. The inWva*teMjS, Ml new fein^es-dteil lo be;set up ft)r 

mathigs.'evefy evcniiig. . . ... . ... „• . .. 

A Lhkd strategy 

td iMucc cstms in'the recipient females,, then to, mate the females to ya^TOin^ 
males in otir exiiedence, naturally mated females have a :&ubstanl.ially. higher rate, 
of pregnancy ^n^:t*n^*aii.sBpe«witet«d {emotes* so we use super- 

ovulation only as; a last resort., .. . .. ... 

I^db^'^tte^^t..^.^t.iK«d- r« embryo translcrs will Q-piealJy 
remote ^^^MP™ '#* ^er mating: The females cm hesavedand 
remated if desiied. 



7. Pregnancy 



The gestational period in the laboratory mou.se is 19 20 days. Females that are: 
more than U-1.2. days pregnant with a normal size litter of 7-10 pups cat) be 
recognized bv visual inspection For abdprriiiiai enlargeineriL 
' >s stated earlier, pregnant. ,ecipient: females are. generally given individual 
dean cages I or 2 days bemfe delivery: If the females are provide.! with noting 
mat^ls'such as i.pap^r towels or crushed, eotton squares, they will generally b.wld 
a ,hest in which to place the newborns; after delivery. females that do not build a 
uest often mm outto> poor mollis. Pregnant females that are housed with a ma e 
ran be left with :'thc mule during deli very- if iidditional t^fspringare desired. Female 
mice no into estrus postpartum and aWvreeeptive to mating the night after delivery. 
As: a result, (emaie. mic&eaii benureihg one litter arid pregnant with a second Liter 
at lite same time. . The gestational li.ne for the second litter will olleu ^^extendecl 
trt-9.J--25.davs, as,at:<uisequenee of delayed impiantanbh (Hogan &tah; : 1986). Fhe 
delayed -impJaatation allows lire first ; set of pups to be weaned at 21 days ol age 
liel'ore the second set oi newborns arrive. ....... 

" Female miecofien Cc^nnthalWfettiseS .ifet-^^lPitlriHb,-** «f one wishes 
to look for prenatal or perinatal lethality of transgenic embryos, then a cesarean 
^etibn (e-section) *Jiould be performed prior to the scheduled delivery: Tn those 
m& where one wishes to deliver live pups by ^section., the. dclivery : sho«Jd he 
done 24 hrbefofcthe scheduled nrtrmai delivery, that is,. at days.pqsttertdi- 
zatVon. C-sictiohs are also advisable, for females that arc pregnant with only - 
item™ since these fetuses eaii become oversized, impeding normal delivery, \\e 
have not Had' natch success performing C-se.etitms where we Iteep the pregnant 
female alive to nurse die newborn pups. The surgical trauma appears to disrupt 
nursing behavior, and rnilk, production- T^lqre, it is essential to have a 'losier 
mother to nurse the ejection pups'if.they arc to be kept alive. The loster moiher 
should have delivered her own litter within the previous 48 toy and ideally the. nam- 
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ral pups of Die . fostePHiipther shouitl ft&vb u differeinxoat color from ihe C-seetion 
pups so that they can be w^^y^tid'j^^^ .in addition, the foster modicrshould. 
have pups that are^veirfed. with milk-visible; in their slomaehs. 

The protocol used for tturreeo^eiy of m 
J.9-86) can also he used for (^-section delivery of live Muses /the firsL Mep is to 
sacrifice the prejmanL female by cervical dislocaiioi i s; then tO;open up the pcntoiieaj 
cavity and externalize boih horiis-of tlie : uterus* iiv visual inspection, one can coiini 
the nuTTiber of full-grown fetuscx arid also ide^ti^ instances of jwstimplantaMOn: 
^Ko^^fe**'^ Ell > b ^ s thar die^horLty uftetvimplantacion can be recognized 
fcy d^ presence of degenerated '(^{^^b3- 4 5tecidu^ (Decidua are sites of cellular 
p-^lifcration; W Fetuses that die at 

later ^age^c?in;be idenlifi^d "b^ tlieir imWl] sii^c arid inappr^pn^te ^oli>r: 

To deliver. ^ *p m ^ ce an . Incision at die 

vaginal end of c^h ufenne:^ advance'tfie 'seizors atmig the annmesorne- 
trial iide of the uterus up to the oviduct id order to; expose the interior of each 
uterus: With a little practicev thii: prqe^ure. can be ; done so that each fetus remains 
encased: within' its own fctul yolk sac. To deliver each tctu*, the iitdiviatialyollcs:^ 
tan he grasped, with a pak of /watchmaker's forceps and opened by incisipn with 
scissors. The edges of the yolk sac .can- then be peletf back^rpiitid ths fcLus, ; s^ that 
iiie^umbilical cord can be located and severed with die seissoi^. Eath fetip.*an be 
xl^nediup by tolling.it back and; I or Ui on a paper towel, then transferred to a paper 
towel ^lop'b^ entire litter of newborns should bedeliV 

:er^ Quickly £nce;the pups have been delivered, gently sdmulate; 

cadi fetus every 1-5-30 *ce toi iiduce bathing. Forceps: can lie used to gently pinch 
tb^skin ^ rkituiid^die necki or to spre^l the legs ^ipart, or to simply roll die newborns. 
<on the paper towel. H<&lthy f etufeg Will-bpgin id make sporadic inhalations-.. witliin 
;i-2 niin ofdetiyeryv parLicMlaHy 0^ 2-rnin the fetuses, 

- should begin to breathe more regularly^ Once breathing rbeeoiries stable- the fe- 
tuses shon'id become a healthy pinjiish color as tbe ; blood becomes oxygenated. 
Fetuses that survive ihe 6 section ; deliV% should be allowed to st<ibili/e, then, 
fransferied to al^ter mother, ........ 

Olir strategy for dlls'trans^ 
cage' and plati^ her on die cage top: Next a suffieiem uuniber 0 
. are- amoved sp'.diat when thc'C^seccion newborns are^dded.fo the cage ttie itit^l. 
litepsizc Will be5~8 pups ; f heeler mother is more Jilcely to. accept the new ptip^ 
iti^me ofher own|uips.aW left in the cage. The; C- section newborn.x,are transterrcd 
10 d^rec^ the remaining newborns of the foster female. 

Tb^eiitiie collection of ^ups is:thcu;buried under approximately 5 mm of : the bed- . 
ding thaHs already prderit iri the^ This is done- to transfer 

tJie,Odprs:Qf tlTc cage to theit^ection pups hcjjjre the foster temale is returned to 
the ?age. After :tlie^app™^ is ( enmred on the;: cage card , the foster 

female is. returned inside fier -cage; Oite-additional treat the 

nose of the foster female, with an afcohol swab just prior to pjacingitpr back in her 
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cage. I'he aJcohoi tcemmeht wi 

1W behSvi^ of the foster f emal^fiould be monitored for- the first Jew minutes after 
sliu placcd.buck in the cage. in most instances, ttk* foster leinklc will moycarouitd 
flVe .iii^^ 'Afe cag^ top and tfe be/ddiug; as well as : 

cliggmg to the bedciirtg atvari6US \l'O^^Qto'init^,tag^.. v rhe pup$.ih the cage will 
emerge from t^^l3!eddiJ^ArWi^inv^ M 3 fain if the female does. apt directly dig ..them 
out; \VlicT! the foster ftimale, accepts, lliu new pups, Ihc .female, will be \im to groom 
herself and the new .pups . On the other .hanxJrwhen -the female -does not; accept the ■: 
new*, pups; :thfr usual response. is to pick-up.the pups at the nape of the neck and to 
carry them rapidly around the inside of the . eage ; as ,iJ\UK)king ; for some way to 
dispose of thufn. Tf fhe^ewbnnis fire riot acceptecl bfy the finjr foster female, then it 
is typically necessary to re : peat. .the procedure with -a 'new foster mother. 

If the datura! pups c^nabtbe distiiigifiisMd from, the G-sgction* paps by coat 

* color; then it; may beii'c I pfu)': to ph^ieally niafk i me set \ if pups for later ide ntifiea- 
;t|6n, tone- strategy is. to \\s$ scissors ro;sn^ on one -of the feet* A 
-small amount of bleeding^acodmpam but th^ bleeding quickly st6p$ : 
unci docs ru>L eaiise the foster fen ml e to reject tiieinurked j>ups\ The ; marked pups 
can fee identified at weaning "agfc by simple visual ihsneetion for missing toes.. 

•Milk production in tactating female.* is^tintulateid by nursing, and very small 
litters often do not. provide adequate; stimulation to, maintain milk production, if the 
Tueipient females, from. I da£s worth of injections allJhayc Miiall titters, it is oflen- 
beneficial to consolidate the paps, so that trie litters average. 6-7- pups. 

8. Newborn Mice 

New litters of; mice should be niomtored within 12-24 hr aftei birth to check: 
f<)r ;newhorns ihai 'Have, died, and also .t<);,bp.eertain that (he newborns are being 
properly care;d foi and nursed, At ,rfc:'riri<9: (>f ^JiVeri%. the' niabtfi^r will, ear The- 
placenta and fetal yolk sac associated ^ith each newborn mouse, hi addition., the ; 
mother will typically groom lite newborns by ; Ji^&% : in: Ur&tf' 10 ^Uuiutoe' ^i^U'ii-iig v 
Within 2-4 -pr afterbirth:; properly;fed .nfeW^ns '^H 'jtfye/ milk-in their stotfiach^ 

• whicfr can.be seen through :.thein§jtiii. If the mice are ript being fed 12 hr after, birth;, 
or if tfaey are found unattended and scattered^aiound the cage, they should be trans- 
ferred t< i a ft >s Lex ttk ilhcr us deseri bed i n the pre v i o iis-sue ti< m. 

Mice, are typically old enough to wean by il to 23 days after birth. If the 
mother is not pregnant with another litter of pups-, we often leave the pups in with 
Ihc mother until 25 days of aue. if the mother is pregnant. with another litter, the 
first litter should be removed prompt ly ar 21 days of- age, If the -older pups are nor 
remoyedy newborn mice? in the next litter will be. trampled and. will hot survive. 
Adolescent i nice should weigh,9- ; 10 g or inprc; at weaning. Mice lhat m;e:snValler 
than Lhis.should he left vvilh the :ni other, since they often have trouble surviving on 
rheir.owri. At weaning- the mice; are sorted hy>e,i and placed into ne>v cages. 
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FiHJT^rihtn^^io.TM'ce'i^V.^ mated lo ncmtraii^ge'fric pafrners Td generate 
.additional transgenic mice. Transgeiiic offspring, of; such maungs will be herhizy 
gous for the:trQnsjnitt«d integration site(s)>liuerbr^eclaig of jiiice. from' ;dUTereiil 
•Ir^n^genie familiii^ that- Ciirry. the, same eonstruiH is gchcraily ntii done, Maiings 
(ihrercro;^^^ within a -given family £4^ be set .up in order 

c tb ^generaie,, riiie.^ • that, aire .homozy^oiuis v f(br. a transgenic insert/ In order to identify 
homozygous, transgenic 0>|ce, quantitative -Southern Oi: dot-blot hybridisations ^are 
generally req u inal, Homozygosity < can /Br confirmed by rTi<iting;(crpssing) the mice 
to nontransgenic parrnersv All of the offspring will be transgenic if one of the par- 
ents was homozygous;' Homozygous mice are often examined in detail for the pos- 
sibility of iuscrlteinal muLaLkms; Irksome families; viable homozygous may hi: ab- 
sent due to a mutation that crises embryonic or perinatal lethality. When the 
homozygbtc^ot' both sexe'$^e v Vial?l^ and fertile, they can bemused for ;s&b$ec|u£i}t 
matings (merbssi^ vvjl^oul lJie v iiC:cd for DNA 

"seieeiii ngs a L each generation .. 

10. Record Keefiing 

There ;is : no: standardised record keeping system lor transgenic research of 
which I am aware; AgockUeeo.rd keeping system should be able U> provide updaLcd 
information about every mouse in me research colony. For each mouse ii js impor- 
Tanx to know whether the mouse is transgenic, what DNA vector the mouse, carries, 
who the parents and the offspring of the mouse are. when the- mouse -was bom; and 
hovv the mouse lias been characterized Lo dale* I describe below sOtnc features of 
the record keepimj sytflemx that \ve Misc: 

& Meniifteiition Niihibws.Jpr .Each Mpitse Mice - that belong, to any one, ftp 
iihe.fd) lowing three eaiegbri^ ide^fificaoon num- 

bers: recipieiic females , ppterttlal founder mice,, or Offspring ;Wichm a transgenic 
•^ami : ly., ^chvcdfegoiy '|§'.yibcate.d. : ? series of numbers vvltit!£^^ by a : 

letter (e/g;, ; R lor iccipient :(eoiale^,:F iocpbteiUial founders, arid T for transgenic 
families).. .Within each eateg<Jr£ f ;nc\y mice;' ar^assigned sequeMaily increasing, 
numbers-. (One • jitedh in the;;labpratt>ry i^ responsible tor o#'ntaiiiirig: Tog-'books- 
that are used to allocate the; identification numbers;) In conjunction, we use,u hor 
inologous- seL of ear Lags that have Lhe identification numbers, engraved on them 
(National Brand and Tag Company, Newport: K.-.Y).:- \V r hen* a. potential, transgenic 
mouse reaches weaning age and is: anesthetized to obtain, tissue for DNA isolation, 
the appropriate ear Lag is affixed/ Ear lags are applied lo recipient females ai die 
t i me of em bryo i ransplan ra rion . Once the ear tags ■ have been applied , i nd i-vid ua I 
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mice are uniqucly.tdem Med and can be readily located within the colony. For stud- 
ies oi! ejiibryonic development in transgenic families, tbc embryos are. assigned 
idbniificatloTi imnihcrs 1 hut from a series for which no corresponding ear tags axe 
purchased. 

A commQivakerhative sysieiii for keep transgenic mice is co keep 

Lrae k o f ui iee ;vv i ih i n u id i V id uat transgenic faiiilH^s. Each i^tii?^>pair i s . as$i jsiied an 
jdentifipatiftry humhef ■ and offspring are identified by ear jninchi hg (Hogan 
Lt^6)^ wUH tpe^lipping,;tp mark up to l6,0pG tfi£* 

fertatt mieev Tliis syst^rD 5 ls;i#s expensive; than using £ar tagf, byt mistakes in 
mouse husbandry aipeasier to. correct; if. lliu mice have: car t&gs. 

^/ 7>:w5^t?«/c^#a^?//y /dentification Numbej:s< Investigators traditionally as- 
sign mhuc LyfK k of faiuiiy identification number for letter) toieach transgenic founder 
mouse and to all. t>f its offspring; Most laboratories follow Jieir- own convculions in 
the ass ignmcac of these identifiers; However the Committer on- Transgenic Nomen- 
clature oi' the Institute of Laboratory Animal Resources (Ll^R) has adopted specific 
guidelines for naming Lransgenie fainilics of mice. These guidelines are given in the 
'Appendix at the; end of this chapter. At a minimum, a laboratory assigned number 
and laboratory- identifier (three letters) should be given to- e^ch transgenic family: In 
this fashion each transgenic family becomes uniquely identified- 'The nomenclature 
rules sboiild ;bc : adhered tii by al I transgenic research laboralories. 

c'. Cage ChrS .:taause jcages; .are ge^^ 
Tor3 x. 5 in. index c^ards. Eaeh.caixl should carry infpfVriation about the mice inside 
th&'cag&,. We n^e -two di iTerenl tormals for the in forma tion:^bhe lor cages with mice 
: that ''&t&. &i of th£v Same'sfcx .and % different one "for mating pairs of nursing females 
(Fig. 4|; For. unisex cases the foil owhg inforhiation- i"§''Wrjtich on, each cage card: 
.sex xif ilieri nice, .number of iiuce, identification numbers for each of die mice;; -dace 
of birth, date of weaning (or date of reeeipL.if the mice were received from a ven- 
dor), identilieation numbers >f or the parents, DN A. veetor;* identification number: of 
rhe : transgenic Family;,, information about recognizable phenotypes for any of the 
mice, a rid in iorrnaLion abouJ Lhe resulls of screening the niice ft >r (he transgenic 
DNA (see l ; ig,'4). When a cage, contains a mating pair, comparable informahnn is 
entered on the cage card: identification number^ for the mating niice, date of birth 
6f ;tlte:.niating pair, idehtification; iiuiiibers of die parents pf;die ; .malh)g pair. DNA 
vecror, iUenLificatitjri mimbcr'tif • the 1xans;genie;family. jlate\of '-"birth, and number of 
pups <on delivery (including the, number of stillborn mice),, idehrincarion itiimbers 
assigned 'to*- -the 'iie*i>orri ' 'mice . * ami comments abput. ^fiencftypes^of the; newborn 
mice (see Fig.. 4>- 

■To maintain some organization wirnih the >mou^-hou&in^area, mice that have 
similar genetic. backgrdunds are housed in proximity to e^ach other. When ;more dian 
one room is available to house the mice, each room can ;be. allocated to different 
<sels of rnice.,.For example, one r^ni-^iilcl-h^'Sp^^HHy for the malings to gcu- 
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Figure 4. Cage cards. IrtforfnoNbn.abpijrniic^ ^tihin a euyc is typically entered on a 3 x; 
5 iii. index card that is Held in a\ca^© card holder. ' ah £gch cftcjc.., Prototype .cage feaftfc tirtf 
shown, for u;iriuKng-pair fleft>dnd a cage (hat conlams onjy mice oj llve/suinc sc* (right), the;' 
idenliiicoliOri numbers arid sexes are entered dHhe.top of each cord;, along will* ihfurmalion 
about ihe : iHar^ ;pf bir lh (DOB),; dqte of weaning (pO^f^arid pfcrantiL For mating pairs., the. ; 
••start ddje'ior^he.^nicilMig, i s en le'red (BEGIN}, ;d long with information about the rea'5.0/1 for 
mating (RFMj,, When I he offspring; are bom; the relevant inforrriaiion is ; recorded ; ^ciud in g 
number of pups.nhd dote, o( bir lit Now ideritificQti on numbers are assigned to- the- off springy 
dndvenfered 6rt tne-'cag^cdrtJ,: A(\we;a#t i ii g, , I lie : sexe&pf the ^offsftri ng'.-are : recorded. To ,sim'-. 
plity the recoj^hitiohrof specific sets of re kiied #a*Wye!i'i c. nf ice; each construction iHat asused 
far micro infection isassl^ned a. cade of ;pne>&moM eploied dot sviihin a different colored 
larger 'dot,, iihese^bte'ar^ odliesiy^^ the upper lufl.-hand corner of each, 

cord. Each founder mo.yse li'i^igri^'a *f a rm'ly <iderttif i.c.</tid n ; hun>ae 1 „ond tha/farfiily number' 
h wrjlieii-v/iljiirt lhe;srrieller.dor (334 for the left card, 393 iorthe'righl card). The names of 
the ; ti-asns^en ic constructions are written on ihc cords under the dots. When a ino^e.-is-sucri- 
f iced, a I in e; Is d rav/n 1 1 i rough th e co r respond) n«S icla nf i i\ cat ion n urn he r. 

erate, eiijbr^os for injection and p^udbpregnaiU Mnal^ :a^L;paraLc morn .could he- 
used Lo.house transgenic families ; To simplity IhLvrecogriinon of various, sets of 
mine we have found that diilcrimi color index cards^am helpUii; For example, we 
use r>ne c6lt>r cuiii 1.0 idc:nti.fy FVlj/N imce v a.clitterent.colbf for ouLbred ICR-mice, 
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■;a fliircl color'tor vasjectbmked B6D2 -El* mates, aud a (iiu^iji .iicilor* fc>r all of the ; 

> ; agc$rt^ .transgenic, mice, in addition,,-, rife xiie 'd^cplpr^c^.inj; 

scheme to identify families 'of transgenic niicc that were all derived irqm irijections 
with the same 0NA vector. Colored'dots. me added to each transgenic edge card 
(see Fig. 4). By |>lacihg- : 'a small dot- iiforibcoltir inside, a -lar^pr \dot bf jff^ht: 

^plt>i ^unique color patLcrus arc generated assigned to each mitrpibjected DM A; 

■When rq fcMiritler r transgenic mouse is idekiufied, it is a^signecl a transgenic family 
idehdticatiO'n; number, and that number is WTitieh on the small dot on each cage- of 
that family; We have found that this cage card identification system grearly si'mpli- 

. ftcs ihc search for specific .images of mice within an animal housing room; .When the- 

•mice ifc a specific cage have. ail . been removed,' the cage card is saved and placed in 
a fiIe:(orgajiized by family number) so that it can be retrieved if needed; 

(I. Pedigree 0j?ar is For each family ot : transgenic, mice, a;;coi|tiiiuoijsly. up- 
dated pedigree chart is maintained (Fig. 5). ]M&I^^&i7ir> ilesH^i^ii^i^- "#ijj*i?«5S» " ; F<i- 
males b\ circles, and mice thai die or ai;c sacri ficed without sexirig are indicated by 
diamonds.; Transgenic mice are iridicared by placing a diagonal line within their 
.'symbol. i%a^ve hpria6^ X within rtieir 's^ 

.where die Minder niouSe bus more .than one site, of intcgraf ion v the different sites 
arekicsignaied. A, R; C\ etc, (which is idifferenr from the ndrncoclature rutesLin thc ; 
^A^pendi^ji: Md the relevant site is written below the symbol: for each transgeiiic 
mouse. Matin 25 are - indie uled by cnleriri^ a short-descending line below (he symbol 
for each mouse of the mating pair,- (hen by, dewing . a horizontal mating line, to 
connect; the two mice. Offspring are indicated i -by drawing- a vertical, line hinniiija 
down from the maiing pair line to the next tier of the pedigree chart, followed by a 
! horizontal line on which to indicate infoiniation about the orTspring (see Fig, 3)» 
Such information will include I he date of birr h , the identification number i> ? and; the 
sexes of the mice, onCe determined. Mice thai are deceased are* indicated by draw- 
ing; ah ,X through* the stem line tliat. attaches to their .sex symbol (see Fig., 5)'. The 
•pedigi£fc^ the mouse. housing ro^ms m$ are .updated whenever new 

iniortrtahon is available these continuously updated pedigree charts pi o vide a 
; simple^ of eachtt ran sgen ie f ai 1 1 i.l y . 

c. i\e\tfwrn Records Separate h ?i rd copy records a bou t each litter/of micc:can. 
.also; fje'mai miormation might include number of mice, in .the> 

litter^ idbntiheuti on number and sex of bach -mouse^ pareniii: dale of birth data-of' 
Aveaning. transgenic vector, transgenic family identiuoHtion number, . phenotype of 
each mou^e, tcsuIis of genomic screening for each mouse, results of all assays for 
transgene expression, mating record for 'each mouse, and in for inaLioi rubo Q L the date 
of death, cause of death, and status ofiiny tissues that were saved for each animal. 
Investigators setting up a new transgenic laboratory wil J need to decide what t}fpo(S) 
i \ f record keeping system to esiabl ish , tfnd then to establ ish the discipl iiie necess ary 
to maintain the records. 
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Figure 5. PeeJigrei*^^^^ am housed 

Cirid y/d updated whenever n§w in forma hpn becomes civrii I ob'J u. The charts provide a .quick 
overview of fhe.sidius drid history' o I cuth. irdnsgenic 'fpvjbllyTAlioics ofcmdicated by square, 
fftf^ofes by .circles, and m?<;e;lh^ 

mondf., ideriliricdlfiQri ^umi^t^qnd d^es of 'birth pre writtonahove ihe.sex information for 
eadvmouse. Transgenic ^ c. / within th^ seX syniM> ond infor- 

mation about the phenotype or scrMning-, results is entered befaW the symbol [f,g., c for 
cataracts), Homozygous; mice .can be sigrVifieci by>p?acina ar, X Inside th e ^*symb6L When 
rnicejarft^aa aic^l, we i n,d [ cdre::>h ii by d rcrwi n 9 . V r i X'l hro u^j h the, vertical I fhe ihol ulloches 
the sex symbol -to iHofibniontqi litter line. 



/; Co^i&etfz'wl J^ecprdKm^m In-some larjoraiori^it may be preferable 
Io employ a computerized record kp^ping system- although sudt. systems have not 
yet . achieved widespread use, ideally, a/data marmgeriienl program- coukl be : de- 
signed, so that (he relevant jAformatibn. for each cage of mice could b^eaiered iiiuj 
the computer, and die couipuLer wouhl . print out an appropriald^ 
The computer coulii automatically-^ 

the pedigree charts -and -newborn- repord&idr all .cisF rhe transonic: families }hj\c< 
colony- Dam would need to % entered into the computer for eaelt reeipienl: female. 
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M the time of embryo tniusferr for each litter nt the, time of birth and also at the time 
• 7 0f weaning, and for each mating pair, fa addition; data concerning the results of 
assays on j he mice, and dates of sacrifice would need io bu-'cntcrcth For such ;r 
system 10 be useful, the computer should he fully portable so that it can be brought 
into the mouse housing rimmx whenevef husbandry is performed. I am unaware of 
any ctmimcrrialiy available software programs that arc designed for record keeping 
in a transgenic mouse colony. Custom designed prngnims for mbus& rscprd keeping 
do exist Silver, 1987; of Or, Richard \^ychik./G^^ 
lory, pemuml communication , 1993 h 



III. TROUBLESHOOTING 

A, Assaying for Successful Pronucfaar 
Mkr6lhjecflon 

One problem with learning to do miemoijcetions is thai It cm be a long wait be- 
tween the time the microinjections are rton^nnct the time that the results are IcinnviH 
purtivubirJy if oni* until the microinjcttcd embryos haye developed into wqiri- 
ing -age. mice before screening. By the titue mil DMA itf isolated m< ;l .screened, it 
will be nearly .2 months afta the time of the microinjections, If a novice is making 
a coummcjii misiake, aeon^dsnihte amount of time and effort wilt he wasted, 

There are :\ number ot constructions that arc particularly useful w,hen learning 
jo do microinjections. At the outset, either the mebilh;>thton^in-/j>gaiacfot;idase 
f MT-fi£Af) tfousti net (Steven> *u ai , 1 989) or alcohol dehydrogenase under control 
of the Roussarcorna vinis promoier (RS V -A DH)' (Nielsen and Pedersen, 139 1 J cam 
he used to dereriniae whether the microinjections are properly introducing genetic 
miarmStion into the pronucleus. After correct microinjection; either MT-jftgtil or 
RSY-ADH can be expressed m embryos at the 2- to 4-cell stage. As fl result, 
embryos can be niicromjected, incubated at *37"C for 24-48 hr, then stained for 
/i-galaciasida$£ or ADH activity (Stevens et dL, 1989; Neilsen -and; Federben, 
1991). When the nueminjeetions are done properly, a sigQilieajit proportion, of the 
embryos will^how his?ochemicat staining. 

B» Visual Identification of Transgenic Mice 

1. Klasta^e-nis; 

Tile prouiftter far the clastase gene has been- shown to be active, in pancreatic 
acinar cells in rraii$g?mc mice fSvvm €&• . Ornitz e) aL, 19.85); Transgenic' 

mice that carry the eiastase promoter linked to the rus oncogene develop pnncrfiaric 
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tumors (Quaife er ah. 1987). These tumors arc dominant ffftdrt^^iltf 
tvpicaUv hu recomizecj by simple visual inspection «f tiie *pMta1 fetus ^ 
igenfc dte whitish pancreas cm be identified through 
parent .skin, fetuses exhibit substantially enlarged paucre.^ fChnofe 

or I987- Pinlccrt. 1990). Pancreatic neoplasia can be continual by surgerj to 
allow visual inspection of Ihe viscera, the novice mtetoiojector, clusfe^ 
permits rapid identification of successful ^..ehttion or transgenic mu;e,w»fem 
3 weeksafter injection of the DMA (Pinkm, 1990). One of ^.^ta^« 
construct * the feci feat it can be used with embryos of any genu ype fern** 
i„ fee -ttorttatt mimgeaa. which is described in me next sectton) One drawback 
m ,t Ltase-m, constmct h fee feet that the pahcrenrk^mors are generally 
lethal early age for the transgenic mice IQuaifc .19*7). 

2; 'fyriisjuase Minigene 

Classic albino strains of mice have a mutation in the,g«t,eenc«linB tyra S )niiJe ( 
,he f.rsi enzyme in lite pathway to melanin syndesis fYokoyamn «r 99QJ, 
ttJSfcSL Of l tyrosinase ***** Into embryo, of an albino W^f* 
can result in mm cure of Ihe albino defect und the syndic oi.pi|^«fe.OW^ 



t dark eves tot can be identified by .simple visual inspection at b,rth to fectv 

? puLntepi-hdial cells of fee «*» begin to synthesize melanin by # y .l2 ul.em- 

brvtmie development (Theiler. 1989). so that ^^ •^^^ l J^ l< ^ 
5, diied bV visual inspection of the fetuses 2 weeks after' mtcroinj^ucm <Hg* An- 

? oSSr advXe /* kinase minimis the feci that, it is not 

thc'healtH of fee utmsgemc mice. The tyrosinase numgenc^aot useful m sUains 



of mice feat-are already pigmented, 

C Superovulation Problems 

I. Poor or No Superovulation 



After, an overnight maung opportunity. 70<£ or more of sime*>vulated"temags 
should have mated, OP average. If fee mating percentage is consistently ^low aO J 
cither fee male, or fee female, may be guilty. A good first step to take m M 
tog fee problem is to check for «ucy«*.fci «he oviducts of the females withno w 
ib!e ping. 
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figure 6, Mies tmm&msc for a. lyrossnasa miniganft, A. nonirautsg&ijk FVB/N albino 
models vhawn oi Mi The other ihrftemief rftprteeni independent s^ictf irilOgryl»on (i,o <( 
mdei^mteir fouriefef fnkc) for ihe tyrosine mipifiene fyflS (YhJmyQnip & 1990), The 
mouse ni r«^ii is roty*ait^ (Tfe fajure v/gs orfgtruiBy pyblrshfid Dtifch hank emitted Oe 
OWA-M^ke^ ^irMeirse** van hvf fawn (H, SchsJIefcens, ed\) f p, I2l /Na?uur qnd *fechni«k, 
'Mecsirjeh, J^mherkmsk, 1993 J 



If the nonplused feuiaje^ Imvc ovaiattiti a normal number of oocytes (10-20/ 
side) arid if tliu oijeytes arc mm\y fertilize^ ihert th^ problem is norirrthe sup£r- 
ontlavinn rcm!TTP.n, btii in the Identification of copulation plugs . It" may help in check 
fo r plugs .earlier in the roo mbg , fefore they have a chun.ee in fall but. ff the hon- 

'. _iik--dBtelHiffi^ itoi^jfem^l 'Checli to. bfest^tMtffi ^j^^toytei^cajb oidt or- A 
miri.ng tqq often. If the m&les are not- the prbblctii, then it may be the fruiting 
conditions. Check ib be sure thai the ligte arc: set for the proper lighcs-on, lights 
off cycle, md liint the lighis.au: truly firming off at night. Also check for problems 
with taud noises or other d isrurbances. and he certain that the temperature m the 
animal room Is nor elevated (W"F Is too hot). 
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L« Ih M to? *m tyrosinase mWg W , s ,,hown ar riflhL flWd&iiffit*. 



When lite nonplused females Have noi ovulated, the most likely explanation 
pntbfem with flje hormones, particularly tiicJWHcte. stimulating, taurine 
(fcSHj. which is livualJi provWed hy administration of pregnant mare's serum ecv- 
nadonopm. If the stock solutions of harniont-vf 50 units/fitl) are more titan 2 months 
old; make up new solution;* and be sure to store them at 4*C. If die solutions vvefe 
just recently prepared, cheek to be. certain that they were prepared 'at the correct 
compilation. Another possible cause of problems is Supecovulaiion of female mice 
uiHRfciCiiety aflrr am«fl in a new, housing room. A minimum of 48 hr Is often 
requiretl for iieelimatiot!. 

irme mating percentage is fine, but there arc very few embryos, it might be 
useful to isolate the smhryos earlier in Ihe day. In some ca*es. m cumuli* cells 
jhsaggregate early and the embryos proceed down' the oviduct, nuddn* ihenrmore 
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is persist., cry another strain of mice v or 



2. Unfertilized Eggs 



If the females have et^mlatidii plugs; hut die embryos are unfertilized^ ;.the 
problem ties with the males. bvimgUas^ 



3, -Malformed liggS 

1U« 'fitquwcy of malfomiede^ iSg^ernlly u function of flk^|«,oPj»fcc. 
and die m »' »he females ai surreru vitiation. In wir experieflc*. 10-^ «, of ttus 
te&hm SMperovtflatm! 4- to 5 week-dd $J57fW« females are imiWMilm t| mal- 
formed, whereas anaJeeous FVEi females typically yicW fm then 3* defeebve 
C uoj The younger the female nm w the time of nupctovulatlon. the high* f tiuv 
pmseitiuge of misshapen oocytes. If the pereemasse of ttaf«Uve eggs Is twJS#, 
then the eoncemtatloBS of the hormones used for superovtttalHm should be re- 
tWked. Poorhenlth or abnormal ttew of the supcmvulaied females mm also result 
«aa high percentage <tf mahfcrmed aggs. • , 

When almost all nf the embryos appear unhealthy or abnormal, even the Ferul- 
ed ?rohrym. die most enmtiiuii cause is a problem with the ranmdamy or pfl ot 
the mouse" enihr^u medium. Ahernutiv&iy. the CO, etuieemraoon m the 3?*C inen- 
hsiuii miy be inciimxi tn shouM he S%. t v/v». or the -embryos may have been 
outside of die incobamr fur too tons dunng cinbiya isolation or mumpulaiion (-See 
Chapter! for information ;ih*iui *aiibryo.eulhtfe media und .culture euiidaions-J 



D. Colony Problems 

,1. Males 'Not Mating 



Males not iisstinfi. is a ran: problem,: most often caused by pverB^ih^fW: 
male^ If the female^ are in estruS, healthy adult males wfll mate at least imjtf 
ihcliiOe. 



2, No' Recipient Females in Kslrus 

Wljenlemaie mice are housed together, diey will often begin to eycte:ih.A% 
chreny. When this happens, me re wil l be days with multiple recipient females in 
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cstnu anri other days with very few recipients in estruf One UrcircumventtKb 
problem is to 5upciovulate : recipient females when needed, the: drawback .io,iBiS 
strategy, tfs staled earlier; is that supcrnvuinted females seem to have a,po6i j>reg T 
nancy rate wficn used ns recipients.. An alternative strategy is lu maihliiin a larger 
•s>rock of poienual «cipfem females in the eoluny. 

& High Kates of Abot&oo'in Recipient 

Recipients thai have m few cine Healthy fetus will normally maintain ■pttrj.- 
1 »aney hi full term. _Prag iwnt fcoiates rarely miscarry or deli ver heibrc term tel'jiL 
^ (berime), tttquem nSsrarriaKe maiemea tlmt the fi^1^:ii^^ettto%ok or un* 

4. SiMD ytttTSfe iri lUiipienl UVmntes 

Whati ftedpiem females consistently have sitwjl litters (only one or iwnjNjipjty* 
the problem i$ ynlifegly to be simply embryonic lethality of transgenic fetuses mid 
it is mam likely in .« leehmeal jmiNcqt. 'lite mouse embryo medium might ho Mi 
fruit k the nucroiiijccficffl procedure might be flawed, the etmcanjmion (or cjsmliiy) 
of the micminjeeied DNAf^) might h* Uieurrcct, or then* may h^ problems with the 
embryo transfer procedure. Tn identify the problem, 0 first step is to do embryo 
Lmt^fbrs using iimnjeaed ^rnbryo^. Approximately 75 - ! 00% of -unlnjctcicd env 
bryos sftnMld yield healthy newborns. If die pcreeniap fc substantially le&s than 
thai, there is a serious problem with cither the culture conditions or i\Xc entbryo- 
manipuiaiion procedures. A second troubleshooting procedure is to culture injeeted, 
and uitinjccicd embryos overnight. MGst (>90%) df the mi i 1 1 jee t e< 1 e mhry os »s hot! Id 
ranch ihel-ce II stage after 24 br Ift culture. If the embryos do not divide; It ;;uggest^ 
that there are serious deficiencies in the culture conditions, For. einbrybis ; £hat survive'. 
J3iicit>iiijeeiiun, a niajnriry (5<l— 60%) $hcu Id divide to die^-eeM stij^: ^ffer%^r- 
night culTure, If not, eliher th^micfdiiiieeLton pmeedura is causing irreparable. 'dttrti*- 
age ? 6f the DHA solution k letital. To test the microinjection procedure, .do tlie; 
ifijeciiojts with D&A hulfor ( 10 riiM Iris, 0.1 rri# EpT$) % alflfiusl,. If the emhryw; 
survive mock injections but ppt Injections of DNA ? then the DttA should be, tzpi\- 
rifted, The:.DN4 must be free of eontaeninaLion by phenol, chtorofonri ,, ethwioJ 
etc. , and die cpneentraiion should nor. exceed i^ug/mL • 

AtmAer strategy £0 assess smaii litter sizes is to perform C-seet ion s on recipient 
females 31 18 days of g^adon. When females are pregnane with one or more: 
healthy fetuses: it >vflj be possible 10 determine the total number of einbi^osUhat 
progressed to die implaneirinn stager or beyond. Embryonic iiuplantutimi rnclue^ 
proliferation nf the; wall or the uterus and formation of a deciduum, Even if 'the 
embryo ceases development shortly after imphintanon, the deciduujti is nWresorbed 
until after pregnancy h complete. Embryos thai develop tq midgefsCatidn Orliief'ean 
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be recognized and their stage of development estimated. C<mtamifw«its in the, mi- 
erbiftjfecred 0$A often csuss sady postimplantarion lethality; resiUciog: in, multiple 
decidua per pregnant Female. Recombinant DNAs that cause dominant efilbryonic 
lethality art: very nire; m die absence of transgenic niiec fur a speeitle DNA eiirn 
Ktnjciinn is typically due tn same factor cither than prenatal lethality of transgenic 
ictuses. 

5. Recipient Females Do! Not Become Pregnant 

If the recipient females du not . heenmc pregnant do anme lent t;mnryt? transfers 
irking uniojected. embryos; If pregnancies still do not occur, then embryo transfers 
should be practiced until the embryos can be consistently u'ansterred to the proper 
jtrjiiiiit.af Utc oviduct and the recipient females consistently beetirfte ptegiuitU, Luck 
uf pregnane y can also he c?ut5a:d by* health impairment. inappropriately prepared 
anesthetic, or stresses in the afliniai housing area., Much mors likely foctoif, are 
pta eih&yu culture eqndittaos Oi improper rciiitfilumuluHl techtiiquei If tmin- 
jeeied embryos five pregnant females* but injected embryos ib-noi, tlton i\um is a 
problem wiih the embryo maniptJlatfons (either the protocol or the UNA), 



IV- TRANSGENIC PHENOMENOLOGY 

Multiple indepcjulciit tryinKiienie families have been gonepaUHl in my laboratory hy 
microinjection of the tyrosinase mimgene They provide a visual demonstration of 
ninny of the common phenomena seen tn transgenic mice. 



A. Tmifsgene Expression; Effects of 
4 tntegrtition Site arid Copy NambSr 

Mictomjected DKA usually mtegiaies at- only one site, or a very limited number of 
different sues, in individual embryos. The number of copies that Integrate is highly 
variable, ranging from jtiSjt one eupy tons tnm\\ m 200. When multiple copies 
integrate, they, are almost always found linked in a tandem hMd-TOTiaij array- :K the 
site of integration (Brin^er ^ aL . The molecular events re^nsiblejpr this 

pattern of integration igre -not w^ll undes^tood, ^ , ^ ^ 

i vOncr timer, fcdminimlu^^ is oUe{rc(>hsiderijbie->vHnabilitv'in 

1 nn-i. i 

|#f4 i*pr example, v/ith the tyrosinase ralmgene, pigmentation ihtensiues have 
been found to range from nearly normal agouti to gray to brownish to. tan to pig- 
mented urdv in the ears (Figs* S and 9). This variability is generally attributed lu 




Ptcpure 8* Vbrioi1o« m pjgmentofton Oiffewi .sites of integration of frh? lyrosinose mim- 
^cne produce <»ttara«l kwk of ■ pi&m&ntnti®n t mri&ng from norma) aqfjuW (199) ro gray 
(387) to brownish gray j?3# lo light loft' {304}. The cobr and Intensity oTpignienMiuM cue 
■cpttstffbfii wttnn aaefcoi ihe fonpffes. For ecch W* y . the mouse aHaft « .p .por^iii crfd 
repfi^&riroiivc pigmented alhpthm arc showoJ ripht 



inflnenqes of die chrcufiuaimal -sequent flmiklnn the different sites of intc^rton. 
for the tyrosinase mlnigeira there is a iiiudcst, bur apt; cOrisisteiiL< unrrdaripii be- 
tween die capy number of the ju&nsgtfnc md its level of exrimssipri Table 
A^iiuri/pigineiifaiioa is- present hi some toiilies ilmt carry only two ebpjfcs Of the 
inwsgsne, whereas' other families that : &t. pigmented only in their ears haye much 
higher copy numbers (Table 3). The. brmvywrnd tail families liavc,cpnsiscentiy low 
copy numbers, 

For bme.ge»ei fouch sk ihegJobias) fC-guiatory sequences have been identified 
'tax "Will ghe icvds of expfe>s*an of transonic f>NA that are cupy number de- 
pendent -and xite<if-uit«greitfoa uidcrrninffenr fGrosveld ei aL< 1987;^ Ryan el al., 
i9$9). These reguJMory ^ucnes.? often contain DNas-e siiperhypcrsenstiive re- 
gions'. PbsiiiOn-ihdepcndcni level* oF**pre5.siqn can also- be obtained by coinjenrioiv 
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Figure 9. PfgmeisiaSian Ihe ears. In soma of !h# tyronma.&a fronsgenfc fnmlfe';, nipw.flfl' 
lotion ts. readily visible ©rrly m the eors of ike iransfjefsic mtes ood canter), A noh\mn$- 
Qbbk albino mouse *5 shown" <j* rtghi tor comparison, (TKa rjflhi ear of norttransgank 
mo u^i? ha s a. scor >yHore au teg v/qs ones loco fed .) 



of a matrix-nuachmem res ion (McKinght t7 1992)- DNA piirificiiiiori for 
miomijtjeetioi! &id reinuvid df efuning veeinr sequences : ;i re discussed iri : Ghaptet 2;, 

B* Genef/c Mosaicism in Founder Mice 

DNA synthesis in moose embryos begins 12 to 14 hr after fertilization, so thac 
replication of the senoiiie is generally in progress by the lime that riucmirijecLians. 
are perfcrniftL If.liic inkrainjceted ON'A integrates* into an iinf^plicnrcd. fortiori in t 
the genome, then ii £8h be duplicated prior to ceil division; and 'evc^ cp'U-iri^e' 
developi ng embryo will receive a copy of the integrated transgenic DN$ . However, 
if the imegxttion site has plicated prior to integration, llifch the embryo- will be a 
genetic iiio^me eoitip&rd of both transonic and nrimnmsgejiie cells, When ihtegnH 
lum C3eenr> ;ntcrjn^ nne round of DNA replication, then the founder linpuse will b<* 



3. Totters AffccHng Tron* &emc Aiiimcl Production ^ Q 

mmm ^. TABLE 3 

5- l t5 C ? rl ^ 0n 0f T ^ rts $ erto Copy Number and Pigmentation Intensity 
for 78 lnd»p«ndent integration Sites o f the Tyrosinase Minigene 

Pi ^ mcnliiUcyn " *™ttr of fornix Cqpy number tiu^e)- Averse ^ number 



bpmii \d 2-40 

Gray 18 2-40 



8,0 
7.7 

I-* .3* 
1-4 



Brpwn u 
'ton 9 

port, eye* imlv > > 



J.0,0 



f! rn, f ,,<w wrrr alfrc^ iv ^wiil mice h*i ^rmn^ fruemaiiuH the 

W ml««temh1«i« .Mmt y^p^^f^.mmab^ mfe W*« w With I*,*** mice tiiowcil 

a- titac ^mi. ito^vpt. to aa« ^ , m HfferliwW*. uut tt , rtff ,n imiHa wcrt >%»^i Wiiwtel * In 
r» ry- 1% mwtal ®pn ^ jt^a^ unrf the wi&Je fiRMfe* *titiiwil W^le-lAie^ m! 



apjwximacdy SQ& mosaic, although the jwrcenroge amy vary cfepeudiiij* tni the 
rates or cell division and the ictaave contribution* of the itmgmhi and n&mraav 
genie cells in the vdriousLiiwiwof -the dev^luping mouse, 

Noimosaic titmsgente mice with one Kit*: of tmegnitioii should trnm^iit \hu 
transgenic DMA ..in Menttelfem Ashkynr.to about. 50% of their offspring whereas 
mosaic mice ^nesally stew fj frequency of U'ftiismfssian of 25% ur 'li^, (iNdte: 
Tttiiisgcmc founder mioe ihm have more than one sue of integration can^mdu^' 
Hum vyhere 75% :tir mom- of the offnpring are trnnsgcmi:. although" th*? percent 
transmission for any one site of integration is expected to ^rage SQ&.tir less. See 
Section IV, E for liinhej u^en^jon Of multiple inicgraiion sites.) In *ome. cases die 
transgenic Dim #01 infcpaie after'the;!^!! stage, resulting- in foimder mke^bit 
areiransgenic hi KuKscantiafly less than 5Q%M their cells, fn most cases, mosaicism 
is r^cosjiped when the copy number of the traasgenic insert isvhi^hcr in the trans- 
genic; "tfipnng ttam in ihc fquBder. and when the percentage transmission is sub- 
slanlia% feiow 50^. Wiih the tyrosinase mlnigene. mosaic mice can identified 
yisua)l» sinee they sho>v ^ inulOcd pigmeQtatioii pattern ff% t0) thai i^? r^mini^ 
,fe3H-0f ehim^ric mice (sec Chapter ^. When the tyros'ma^. ftninder hiice ak 
:HHJiLl2ri because- ormnsaidsm r their transgenic oltsprtng show, a unitomi pattern iif' 
p^eftusup.rt{Rg. Wl The lytxmnsw rrtogene allows visuai identifi^tiun.t)^ 
saie founder mice that have only a small nui nhcr of pigmented cel)s% arid ir alio 
Mom rapid idcntificaiion of their mre. transgenic offspring. Appm^th^telylS^ of 
the founder mice fnim oxn tyrosinase rmnigenc injections were, found to lie y^netip 
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Figure 10. Mosaic murder mke* The tyrosinase miaigene allows visual identification of 
mbscfc icundef mica, .sine*, the mosofemice • (d-teft-w A, 8; and C) s^ow.a hetorogcncouo, 
roofilec) pcttem pigmentation, whereas their trqnsg^nic offspring far nyhl) sho\y umf<}firv 
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mosaics tdaia not shown).. For five of the mottled founder mice, the trculsg^nic 
oSspru:i£siill exhibited a mosaic p,itr$ra of pigmentation (e.g., 'FijL 1 1 ), iridicHling 
dial in these mice the mottled pigmentation avus due to a Hu^yc.p;M.^cfn;of tbiis^nec. 
Expression rather than to genetic rnmuietHrn. These mice provide visual p> ; id£rice 
that specific sites of Integration ean not only bias the ieV£l of tam^gene lixj^sum,/ 
hut may also influence the cell-by-celi pattern of esprusHuun 



G liifrafaMty VanmfiQh in Expression 



ht mmimns^mu families, the level of tramgene expiesHloii iiiuy:vnr^/lnwi mousi* 
in mmm evpn though the mice are inbred ami have: this swm site of integration 




Figure. 11. M&scfc &pf&j$to*L Sbfite bffhe tyrosinase tr^ihsfteh'ic families sWo&d jfizwk? 
-Isni-pd^em of h^^r^sr.fiou^ pi^mentolfon even though the trcrissehic'rnjcfe dre.g^nfiticdiy, 
nohmpsoic* The,- hwo..rti5C€ in £hs tan row .pre- homozygous for the tyrosinase minigena and 
ore JhspssrsiiU drine eight rmcs bataw (fomity .QVEI 59L The transgenic rnice-ih this rarr.ily 
show vcrlaijon in iHs intensity ond ipacifc pnHem of pigmental ion, byi. oil roffhe mice, ore 
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Figure 12. Inherited .yaderbttiiy;M!ce with the scmie si?e of integration coo nbosv yorlcilion 
in Ihti In:enfviiy oi plQm&ti&iion. In Mm family iha* k shown (OVFIWK the prir^nl of left pro- 
duced the *hraa offspring tit right Southern hybridizations showed arv identical paHarrt of 
bonds for oil of iha rniie^ irdicc-trng a.sing!* steble slfa of fotegrtiitan (dotg. not shown }, When 
the offspring mke v^ere maSed* the same vcfiaHqri m pi^m^nfafbn wqV sfecn in the?nex( 
generation. The liejbily pigmented mouse bed tight and dark' offspring,, as did the more* 
dojricly .ptgraenM mite. 

(Mg. .32). in oifir collection of t^ipsinsse transgenic families, over 90% of the. inte- 
si'ation sites gave stable patients .-of expression. In thfca: cases, al t 6f th<.\liL-tcn>/y- 
gou^ iranxgcnie mice in a given family had an irjenrical, or nearly identical^ fio.lof, 
imensuy. and pattern of pigmeniaiion. 'the pigmentation did not vary from genera- 
tion to generation, and the aides showed die same pigmentation as ; dm: females; 
Then: were six transgenic families in which (he in tensity and color of pigmentation 
were not oansisiem fe>f ^ i v ig. 12). Southern hybridizations were done to look lor 
multiple sites of jnteg&ti&'a So these families, but the hybt&Jtfcation patterns, were* 
Stable and consistent within each family (data not shown}, The Ttii6c in t (hcsc six 
farnilics shmv an innate variability in' their level of transgerie expression hnd .cjem- 
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- ™<* of appaitriUy idenlical geaotVfK: can.e*hibit variable plienotvp^ 

fhe vananon in expression is not correlated with the sex- of the trite <rA* 
transgenic paitnt, since- the variably is seen between siblings.- 
. F 5 ? ]cvd of «P^ !n « of transgenic DNA ean also be influenced by itenorhie 

impnnnng w* re .seen in the famdies transgenic for the tyrosinase it.inigene ' " 
D. Integration Into a Sex Chromosome 

Intc^mn into either of fhe sex chromosome* ean.be identified bv,l«llme , fnon- 

X Sr * ^npseudoautc^nial of the X chron^»l ; then all II* 
^ale offkpnng W iIJ be tonsgenic, whereas all.thc ftKUe.otoprtng will be no* 
^nseeme. In other w«mfe the wnsgenic OKA will be tmterni tedtlDr^ with S 
X ehn,mo SO me to only the female offspring. The m» m Mon patium wl| £ t 
Vmco ior mtegnmoo fnto the ¥ chromosome, Among ,he t^l*£S*& 

^ cl ,ott»M>we fliu,,Iy. all the males and only (he males were pigment^. ThcW* 
mutton « hmited esetuxively to the ears. In both hmml^X thS- 
n«,g*„e teiegnu^i into the X chromosome, the L^mZ tile to 

2£t2S 0f, " Em * ntaUwa - whfiret » to«> 2 ygo US males and Mnafiteg. 
limtcj. were urn formly pigmented. 



Multiple-Sites o f Integration in Founder Mice 



Founder uwKgenic mieu .nieasionally have transgenic DNA hatred at ™, rc than 
^ In ™* typfcally ^ogmxnd when ll i^S 

^ analyzed and fbimd to contain two 0r m orc different 4* «mte*i* hybS' 

T f f ^ ^ enic RNA - iM^ip.ie site. of intention ^ffifi 

.dennty by ^merase chain Action (PCR) seeing. J |„ ienerai Si 

^.;f^ ??,f^« ™™ impendent mtegraiioh *v*Se Ipv 
number, are v afl al ? te,fhe lev** of expression can be dilinc and irahshSli^ 
:^fm^m. However. t^ S enk- families have' occasionally b^nSS Sed 

m^^^T- 3 / U ? nsgeaic identification of rra^enie founder 

mice with mu t uple SIte5 : of Integration, sb.ee the; founder mice pnxL ofepSjg 
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Figure 13. fnddiVfstion of the X chromosome. A lfan^genk; family wfth tnlegrfitJcirt 'of ihft 
tyrosine .minkjene^lo ihe X chromosome ts shown. The h/^o mice a i left are a heterozygous 
mate? and'femele, respetfiysiy* and ore patent* to fh£ four mice at ri$hj (iwfr males and two 
females); Oriu ol ifi** femabs, second from rhe right >s homozygous for iH'e tyrosinase rnrnt- 
f^e ivf- wjku €tftf ihfc: ollit 4 ? {(a r i ighi) ts : M ctfK&ygo vs and 'mo.ftled. 



with nvo ormom consistent colors pf ihteiisidcs o£ pigiii^iiiiiiic«i (Fi^, 14). Apprfixi- 
uiatcly t5%.'0fiiu* tymsifia^c-founder mice bad either two nr three different inregft'K 
lion .site* fe« Hrcognized by visual inspection of die offspring: and confirmed 
by Southern hybridizations inet shown), 

F. Homozygous versus Hemizygous 

Gnfe of the' major advimiagesrof usmg the lynsSiruisc rninigene tt> gdnenUtsirarsgpnic 
mice is ihc fafcHhaf hqmo|ygoii^ mfceirr most families can be ide'MSed by^inple^ 
visual idspecoQn, since htsmoiygoj^ mice have darker coat colors (Fi^, J 5), 
Tciiejciing tfft'irifci?a&€cl' geiie. doS&ge. In 'Sunn;- families iLiian nfH.bccri possible U> 
identify humttzy^ilc* by sirripte visual inspection. However, homozygous can still 
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Figure 14. Fiwrielaf mouse v/ilh muHipfe inte^rorion site* the founder mouse lor family 
fail tell} piodu ted offspring with lour differs ni types or* p irj m onitoi io<i . Tl iu »inddli> 
two ol ihfr (our- ol fop wig 'jslg.olty ho'^e the seme site of intecj ration, which & jn>th&K clii'O 
rrtDfinma. Tha Vn^le {krflj and lemolo (right} patterns ol expression ara shown, 



be identified by mating to rumimasgenlc panners, since homozygous uifce produce 
1G(M imriKgcnk offspring* Breeding studies to generate (i^rnuzygtius midii b^ye 
allowed the recognition of insertlonfll niututititi» that vuusiz cleft pal^te(Q\^E270) oi* 
Situs inversus liiuiMioft. fifrnilv OVF.210) (Ycikpyama ef dL. \993X lb addi- 
tion, fi ve other iy;msinBs& families have insertion*! mu&cidtis' totieSult iii einbi^ 
iwnic or nnonsral kthaliiy lGr'jhe homozygous. mice* These 1arniti.es Natfe still Be^rl 
easy iG .mainuun. since ^ transgenic mice in each; generation can Be .^sually 
identified. 

G. Coinjections 

The Tyrosinase nvimsene can be cokijccicd with mher constructs of imcu^i. Th£ 
eoinjected: constructs typically, comiegnire into the genome: wheteuhey can be utr 
dcpcndcnMy expressed, hereby allowing visual id^jitificatiaii -of thc1.T^ri^n;i<t mifce 
in the first and all subsequent f ei^ratipas (sec Ovcrheek » tfiL l99J)t 
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Figure 15. Vfettol tdaMificntioo of homory^ofes. For most of Ihe tyrosine^ Utontytitok 
families homozygous irons£i*mc mtee sen bs recognized by simple iivipvCliOit Ity' *Mt:sr 
Ctfoi dolor; feilecisno. ihe 2-IdSd higher gene d©so r g el In each faintly showr^ Kvd hftterwyonns 
parents a r& s^owr* ©5 ten,. Cftd two weanling ago offspring pr:^ $h.o.v/n tit righ^-ona of which 
k homoiygoua {dosesi to ihe parent?) while the olhur h hsferotyQaUs, 



H. Genetic /nsfabf/ify 

Jo almost all tosfaitces. trausgenfc DKA is stably maintained once it'hp integnUud 
into Thegsnoipe* Even ^vhen there are inuliipie copies of the DtvA integmted'tii a 
tandem head-to-tail iarcay^the tjrsriseenic DN r A i* transmuted sUibly: from one gen- 
eration to the nexi wiihous senomic rearrangements and without deletions- How- 
ever, examples, of transgenic families Willi genetic instability under • selective ;pres r 
sure have been identified (e=;g ri Ssinrfgrsn pa at., i09ifWtlkie 195$): The 
i^o'sinase transgenic families have all displayed stable Southern hybridization pat- 
terns:,, and those Istiiiilies with stable pi&riieiitadan have maintained a uniform pig- 
mentation Intently -twer, .more than 10 venerations of mating. Because alterations 
of (he integration sue Would be expected to- change both tvrt^inase expresVtioii lind 
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pigmentation. ihcscNrc.sufev:impJy thai genetic instability, is vcrw rnre far these trans 
^tci'fic inserts. 4 



V. SUMMARY 



in this ellupier. I Imvc tried to provide a simplified overview nf fcietors thai often- 
need u? he taken into consideration by foboiatoriex that arc just beginning to do 
jT^rsh vriih tnm ; $iertic mice, I fmve delineated the three general ^imtegics for 
generating tramgenie imee anil ctwnssed rhe situations wlker^cach ^tnircgy i& most 
commonly uk^L An introduction to different stmEns of mice arid to husbandry tech- 
niques and troubleshooting pnotoeub hast heen provided, lit Section ill l'iuivu re- 
viewed some of the ehHt^te^ies nf transgenic mice geiiemted by microinjection, 
in General, nikrtnnjcci^i DNA appears to intcgruic randomly Intji the mouse ,ge 
m>nie<. in trimr crises tiic D N>V . i ft leg rn ten nlahly as ;i trtiidjsm tiend to-fuil repeal 
fctHUMnuigiTom 1 toaOOeb^I^ DNA. Multiple ftteto^^ii infliiancHA 

the pattern of expie^lun of the transgenic UNA. The tyiosmasu rmnigene can be 
used to ujluw visita! identlicntion of tmnsgetii^ utiee, Interestingly, certain tyiusi- 
nmz mmgmk mice *how tta,.etoi fur n xinhte integration at.a. iittgte^ite hi the 
genome, there cmi be vtirwiiiias'm the level and pattern uf tmri^gefic axpmssion, 

APPENDIX: STANDARDIZE!) NOMENCLATURE 
FOR TRANSGENIC ANIMALS* 



Rules for Naming Transgenic Families 

Transgenic animals should Ke-nambd iiearrding to the following epiiveiitiiHis. 

SymhnL A iransgene symbol consists of lour parrs, all in Roman type, as,, 
follows: 

•wh^TgXis the mode* (YYYYYY) the insert designation, ##### the labom, 
toi^assigjisd nuinhcr, and'7>&.th$ laboratory code. 

Mode. l"he hm psnof tlie^iiifaoi always consists of the letters f g;(foir ^ trans- 
; geiie;i md a letter designating the mocte^f insertion of the DN T A: N fur nunhiimo- 

L fyfo$<s4 mih-jxtmxsma uomiUR KIIVV^, ViHuitn? 3-i. Number 4/ 1^2,;. Gpijrtesy ctf dfec: 
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logons insertion* R for msiirftori via infection witlr.kf retroviral vector; and H for 
hdJBoIogbus rec^tvtoiipn. The purpose of this designation is L6 identify it m W 
symbol for .a toms&ehe and to 'distinguish among three fundn menial ly difTcrcril. or- 
ganisations nf the introduced Sequence relative to the host genome, not simply to 
indicate the method of insertion or nature of the vector. For example., mice derived 
by infection of embryos withJiiurifie leukemia' vfni5 (Mul.V) vc&urtr. wil I ifc#esj§- 
nnittl TeR. mid mice derived by microinjection or eleetroporation of j^ul^y HI^A 
into zygotes will he, designated tgN; mice derived from B$\eellS.by introduction of 
BHfr lolloped by recombination with the hnrwdoguuif genomic sequence will be 
tkaiigiratcd TgH. whereas mice derived by insertions of the same seepiunce by wnir 
htimfotn^mto &t designated tg.N, 

fhtefi designariOiL He $tmM pfcrrof flw sy^mhol indicates the salient fealutes 
of the tiim%unc d£ determined fty the investigator, it is-tthvny* m parentheses and 
coifetefe' nf no mure Ihiin eight eliiiruete^, either letters (capitals or lowcrcrise) or a 
combination" of \mm and nohihcfK. ItaKta, supemeripu, SMb^lpt^/iriierhai 
bpmh. and punctuation should not be used. The choice of the insert designation in 
up to Ibe itives%Hior» hut the following guidelines should fee used. 

* Shnrj sywihtsfe ish or fewer clmiaeter^) are preferred. The total number pi 
characters in the ro$en dt&fgnmmn plus the luhtHBU^y-ass%ned auutbef may not 
exceed 11 (see below); tkmfoft.'. If seven or eight <*tM»etaf* miv used * the number 
of diyru iii the hiborat^ry aligned number wilt be" limited to fbur or dtree, 
respectively 

* The inseri designation should identify the inserted sequence and hidicute idly 
fKirUiiit features. If the insertion uses sequences from a named .gene, ii i^pmlerahle 
that the insert designation eoniaii! the standard symbol for that gent, if the gene 
Svmhol would exceed the spaces available, its beginning letters should be used. 
Hyphens should be omitted when normally, hyphenated gene- symbols are used , For 
example, imd should be used in ihe symbol? of trans&enes that contain either coding 
or nigiilaton' .sequenecK from the mouse insulin gene (lns~l) as m important part of 
the" insert designation. Resources are available to identify Htaitdmd gene- "symbol's 
(see pp. 111-1 12) . Symbols thai are identical wi th. o ther na med genek i n the same 
^eeWymuid be avoided;. example, the use of Ins to designate ^Miisenion" 
would be/ incon? r ei . 

* For consistency, a series of a^hsgenic animals produced with ; ttie same cdii- 
•^sLruet,Tii%ht be .given 'the same tosen designation. However, that is not required; 
some line? might manifest unique and important ehaxacteristics.{e;g rr irisertiorial 
mutations) thai would warrant 3 unique insert designation, if two dinlbi^nt symbols 
are used for the same construct in different transgenic lines"; the published tlescrip- 
rftm* .should clearly identify the eonsmict as being the same in both ikes. Two 
different gene coBsmicfs.uved for transgenic animal prod uctkw either wkhina. 
laboratory or in sepaime laboraronesv should not he identified by Men tieaF insert 
designations; Besigmrtions £an be checked through the available resource* fsee - 
pp: i 1 1 — 
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^ * A Standapl abbreviation can be used as part of the insert designation (see 
licknv for an e^ampieKIf a sumdaid abbreviation is used, it should be placed m the 
end of the insert, ThestMitw include the following: 

An Anonymous seqitence 

Ge Cienonuc clone 

Jr# Jjisemonal mutation 

He Noricodi ng svqm nee 

Rp Reporter sequence 

Sn Synthetic sequence 

Bt linhahcer Iraqi construct 

Pt Pi amriteimp consuwet 

Thrs |mr will be .« xpmiiU as nested and mimutmd by - -appropriate, inter 
national noViiei^lHiurv committees* 

* Hteinsbri iteration should' identify flic iavurfcd sequence, not ite location 
ft pliciHilypi:. 

iMhmwory assi^md mmhkt mui labmimy cptk, The tahumlti^sgi^M 
number is a unique number rtor is assigned Uyihe IsihorMory to easlv stable miliar 
mined iuscrtitm wlum g*rm line trsmimi^mn h cnrtfirivied, As many us,fLyu:ctiar- 
aefcrs (numbers lis high m 99,900) may be used; however/ tittj mmiiI number of 
$hara'«er£ in the iiterl designation plus the labomtoty-a^ried number may not 
exceed IL No two fine* generated vykhin one tabtrndnry should have the/same 
asshmed number Unique numbers should be givqn even to separate lines wrili ilm 
same insert integrated ai difFbrctnt fM^trions, l' f he number can Imvu some imraJabo* 
ratery meaning or simply be a number in aserles of tnmng^nes produced by dl£ 
laboratory. The lahoTiitory.code is uniquely assigned to each laboratory that pro- 
duces |ran%enie animals, A laboratory dial hax: already. been assigned >:udi ae:ode 
fnr nlher genetically defined mice and mis , or tor DNA loci should ii& fhmco#> 
I'he.: teiisir>' of these cmlcs-is maintained by the LisLiiute of Laboratory Animal 
Resoui^cvflLAR). 

BmmpteL :i'be complete delation identifier the inserted DN A , provides & 
symbol for ease of cMmumicaiirai , and. supplies a uiiiqut: identifier- to distinguish it 
from all other imcrijnm. Each insertion retains trie .-same- symboLeven if U is/placed 
on a diiftrcni genetic background. Specific lines ot: -animals: carrying the in^rridh 
should be additionally distinguished by a stock designator preceding, the tramgerie 
symbol, in general,, this designator will follow the established conycntibiii for die, 
nanmtg.trf strains or stocks of tte particular stuxnal used,. If :die backhand is/a " 
mixture of" several stacks . or bptb/the^rxansgetie Nhoiifd be nscd : 

without a strain, or stock name. The following examples arc typical: 

• CSim^iB'T^NiCDSGtmi^ Hie: human tlM "genomic' clone ((lis) in- 
serted into CSxftU6 mice front The Jaekson Laboratory (J); the 23rd mouse 
screened In a series of ii^nnnjeciinnsln the laboratory of Jon W. Gordon (J wg)v 
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,J c;rl^^T#(SVDhrV)432Jwg, The SV40 early "pi«nuLcr driving a; mouse 
dihydrofolate reductase 0hfr) gene; 4 kilobase jjlasmid; the 32nd animal screened 
in Ihc lahorsTory of Jon \\\ Gordon (Jtfg). The: ICR outbid mice were olilained 
from Charles Kjver Laboraluricx (Crl L 

• T^N (G PDR I m )I Bir. The human glycerol phosphate dehydrogenase 

gene inserted mm >*ygbies retrieved frail (07BMtf X SJLAiJFl t%ijiale^ the in- 
sertion caused an insertiona! muttithii? {liri} and was (heist tfans.£enie iiimiHC. mimed 
by lid ward FL Birtennieier (ftir|» No strain ctesignatioft b .jmividisrf hcrause each 
zygote deri ved frum Mich an Pi fe>trtd m<JU$elm it di ffered 
derived fnim ihc orijginal inbrei parental miijm, 

* \^^TgH{SymmG5^pw (Hyporherical); An SV40 thymidine kinase (f ft) 
knnsgene.iifgeied by ht^hgot^ recombination to a sj/ed fie hut anonymous locus 
u$]n£ embryonic ki cm cells derived torn immsc strain liSf/J This was the 65th 
iiKmvi: nf thh series prMueed by Rtefwd ft Vyoychik tRpwK 

Abbrev/af/ons 

TransgiHie symixtfsean he ahbitrvuUcd by s omitting the insert, Inx example^ (he full 
symbol TgN(GPDHIjn}fBir would mt^hhreviiitedl'gN lBh, Tim full symbol should 
he iised the find iinwr fhr. transgene rs mentioned hi a publication* rhcreal'ter, the 
abbreviation may he used. 

tnsertipna! Mutations and Phenotypes 

The symbol should not be used to ictenrify cheiipecjfic mseriiomil rnur^tfon or phiv 
nmype caused direeUy or rndireedy by the traitsfcene. IT m insertional mutation 
produces uiiuibSBmMe phenotype. die focus so identified must be named according 
to tfandard procedures for die species involved [Lyon, M. F* (1989), Rules and 
guideline for gene nomenclature, la "Oen&ik Variants and Sirmmhf (hehtiihhm- 
fory -Mouse** (M. F. Lyon and A, Gv Seaile, cdtf.j; 2nd Ed M pp. 2- 1 1. Oxford 
Uni v. Press, London]. The allele of die beus idehnfied by the i assertion can then he 
identified by . the abbreviated iramgene symbol (see abo^e} acebditig Mi iheebrWen- 
lions-adopted ferdie afpbdes. 

Examples 

fi^^^.,Th^^in^nipn.-of iir^gens into tb$ htftfnot incnis ( : ho) f , 
* 71? iasenioh of a trafegenc: that leads to a recessive mutation in 

'a .prcvitttjsly iiiudentlrie^. gsne, A ecne synribol far .ttx must he obtained from. -a 
^fectes-genonie databH&e >«r a member of a nomenclature committee': (see* next 
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Resources Available for Assistance with 
Transgenic Nomenclature 



^ZS°HL m Sn inVeSti ^ ,or Sh0u,d " h,ain * 1-bon.iory code frt> m 

* e 1L/VR;al ***** * ** I* Wow. An .investor who has aire 
been ^ tt cods for mhcr genecipally dittoed ,niJ ,« S'^fif . 

foe, ^ttlK w ^ The should be named ^ ^terfift rtt 

nom (see Mow>. ^ «f named genes for mieeand rats 4,e published puri&calty 
m Jw OflMj, (Oxro«J University JW, Journal ^^iptEoa^panmcm 

j^wr (Dj. \ .Morale, editor, Lour, 2542 Harfo Drive, Allison Park 

i hiscui gh, J-A 15101), The Rsi rtf mouse genes is also maintained in Onksti a 
If T f f.J* ( ,M r e ™*"*««! by Dr. Don R UpolftiJu-, tor, Alan L. 

M Ma '! a,S ' Df - M,,ritl D4y « ^ H, Roderick, 

and Mr. MiM. Gu,d. a, JucNlh Laboratory (see below), I tuman p„ Sy „, 
«c recorded »„ ,he Gertie Data urn, (000), which i, wMcd £ 
Hopkins University (see below). "h^wm* 

las-Hiute of laboratory AnJmW R«* w , rCCS 0fcAR), A»ii«i* jabbraiotV 
™ : as f * L? ff ^« MTiWBettes; provides mles for namina it****^ Qmm> 
tor . ft^jrD Gf«nh,n, S e, ILAR,Nau 0 n fl l Research Cou& 2101 oSloi' 
Avenue. NVV. Vv^hington. DC 204 18, Tel: 1-202-334-2590: ^ ^SS, 
fij.lflOi: LXjREE^lipfrt-NAS • ' 

Standanl ^noinenelamre For mice;- provides lists of named mousey, Contaet- 

T; "A ^ J ^^n Moratory, Bar ItoW MeW Tel 

207-288-3471; I>ax; 1-207-288 S9S2. ' " 

^S- R ^ arCb , C °— Radi ?biolo«y:Uoit. Agists in naininu trao^. 
ES n ? intact: D, Josephine Pdurs, MRC Radio- 

m M-m^ ^VG^mt OXl) ORD, UK, Tek 4^^834,3.^: 

mJ^lT— * "ores, and provide, information on 

2* ^ clones. Contact: GDR, Welch Medical Librarv ThJ 

' ^SS^^^^ 1S30 East Monument Street. BahimOre M5 212# Tef 

iioba, ^mrmemol Human Genetics. 250 Old Basic &*nci#JJuWft« ^Jial 
na^,ie.^ve.nuer^in n ipeg, Manitoba. Caimda R3E 0W3, Tfei; i:^78&^-Rt-- 
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Tbe 'rransgenir Animal Duiz Base 0TADB). The Transgenic /Animal DiU.a 
Base Is invended to be „a comprer^nxivc, pn-tine, computerized record of all lines 
of transgenic animals and animals with targeted niiirnrinnx tliaJ have IjetMl^eoeraicd 
worldwide. Transgenic animals oF little, interest to one researcher might be if ctuji': 
nious Imeresi io ethers. Thix^iiuation is addressed through the database by mikjng 
available to the scientific community cxtcitsivc information abput /transgenic con- 
^rructK, including methods expression, and phenoLyncs. 

Scisnriste pmvidc data mi their own lines of transgenic animals; The TADB 
bRi^e IMfes a set of specific questions in cadi scientist who answers; die questions 
m a Ouppy disk Willi ft ^Vtrd^processiiig ptopnm. The (loppy disk is- turned to die 
TADB oiffmi when: the thiin arc furnmtted and transferred to the online computer, 
The result 3$ that pertinent ihfomiattari, puhlished or unpublished, on each line of 
minmh .is* ptymised in thc-datafetse. 

The TAftfi & accu^tblje httethatiohally via a toil-free luutilwfc tliteugb the 
Tymnet teiecomrnnntcantfi^ nctwwk. Users earigfct iofoniwrtiw^i^ito^ct^l/rrt^rt 
die TADB of 11c*, Contact; Jife- K»rm Schneider. TADB Coordinator, Dak Rkfgn 
Nal-ntnul Uhomtory. P.p.. Uox 2008. MS rWSO, Oak Ridge, Tff 
Tel:. Ml 5*574-7776; Fax: 1^615*574^88; Ototet: 1UG©ORm;STC> tntcrnei: 
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